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Summary
A model o f  th e  development o f  c o o rd in a te d  p r o c e s s i n g  o f  
a u d i t o r y  and v i s u a l  i n f o r m a t io n  i s  proposed  and a d i s t i n c t i o n  made 
between two type s  o f  c ross -modal  r e l a t i o n s h i p .  A s t r u c t u r a l  
r e l a t i o n s h i p  e x i s t s  when t h e  in f o r m a t io n  i n  th e  f i r s t  m o d a l i t y  has  
a one - to -one  correspondence  w i th  t h e  in f o r m a t io n  i n  th e  second,  as  
f o r  example between t h e  v i s u a l  and t a c t u a l  f e a t u r e s  o f  an o b j e c t ' s  
shape .  An a s s o c i a t i v e  r e l a t i o n s h i p  on t h e  o t h e r  hand e x i s t s  where 
t h e r e  i s  on ly  a p r o b a b i l i s t i c  cor respondence  between th e  
i n f o r m a t io n  from each m o d a l i t y .  For  example,  w i th  r e s p e c t  to  vo ice  
p i t c h  and f a c i a l  f e a t u r e s ,  h ig h  p i t c h  i s  normal ly  c h a r a c t e r i s t i c  o f  
female f a c e s  and low p i t c h  o f  male f a c e s .  n
I t  i s  h y p o th e s i se d  t h a t  an i n f a n t ' s  i n i t i a l  p e r c e p t u a l  
o r g a n i s a t i o n  i s  one where v i s i o n  and a u d i t i o n  a r e  p ro c e s s e d  
i n d e p e n d e n t ly ,  but  c o n c u r r e n t l y .  However both  m o d a l i t i e s  by and 
l a r g e  o p e ra t e  on in fo rm a t io n  from the  same o b j e c t s  and e v e n t s .  I t  
i s  argued  t h a t  i n f a n t s  a r e  p r e d i s p o s e d  to  f i n d i n g  l i n k s  and 
commonal i t ies  i n  s enso ry  i n fo rm a t io n  from d i f f e r e n t  s o u rc e s  and 
t h a t  they  q u ic k ly  move to  a p o s i t i o n  o f  r e p r e s e n t i n g  th e  common o r  
amodal f e a t u r e s .  That i s  th e  i n f a n t  d i f f e r e n t i a t e s  th e  s t r u c t u r a l  
r e l a t i o n s h i p s  between th e  m o d a l i t i e s .  As a r e s u l t  o f  i n c r e a s i n g  
m ul t i -m odal  r e p r e s e n t a t i o n  o f  th e  envi ronment th e  i n f a n t  
s u b s e q u e n t ly  comes to  i n c o r p o r a t e  th e  a s s o c i a t i v e  r e l a t i o n s h i p s  
t h a t  a l s o  hold f o r  o b j e c t  p r o p e r t i e s .
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Four exper im en ts  a r e  d e s c r i b e d ,  i n v o l v in g  i n f a n t s  from t h r e e  to  
twelve  months o f  age,  which a d d re s s  d i f f e r e n t  a s p e c t s  o f  t h i s  
model.  Exper iments  1 and 2 i n v e s t i g a t e  t h e  p r o c e s s in g  o f  s p a t i a l l y  
r e l a t e d  a u d i t o r y  and v i s u a l  i n f o r m a t io n  i n  a b i s t i m u l u s  
envi ronment.  The r e s u l t s  show q u i t e  c l e a r l y  t h a t  p r o c e s s i n g  o f  the  
a u d i t o r y  i n f o r m a t io n  i s  a f f e c t e d  by s im u l ta n e o u s ly  p r e s e n t e d  v i s u a l  
i n f o r m a t io n .  However, t h e r e  was no ev idence  o f  a s s o c i a t i v e  
i n t e g r a t i o n .  These two exper im en ts  a l s o  i n v e s t i g a t e d  s e l e c t i v e  
a u d i t o r y  a t t e n t i o n  and dem onst ra ted  t h a t  from a t  l e a s t  s i x  months, 
human i n f a n t s  can a t t e n d  to  two s im u l ta n e o u s ly  p r e s e n t e d  a u d i t o r y  
s t i m u l i .  Experiment 3 a I s o  d e a l t  w i th  a s s o c i a t i v e  dependence,  bu t  
used n a t u r a l l y  o c c u r r i n g  r e l a t i o n s h i p s ,  t h a t  i s  th o se  o f  age and 
gender  i n  f a c e s  and v o ic e s .  Once more t h e r e  was no ev idence  f o r  
s e l e c t i v e  v i s u a l  a t t e n t i o n  dependent  upon t h e  a u d i t o r y  s t i m u l i ,  
t h a t  i s  no a s s o c i a t i v e  i n t e g r a t i o n .  A s u b s i d i a r y  exper iment  
c a r r i e d  ou t  w i th  a sm al l  group o f  i n f a n t s  exposed to  p a r e n t a l  f a c e s  
and v o i c e s ,  a g a i n  showed no ev idence  o f  i n t e g r a t i o n .  Exper iments  4 
and 5 manipula ted  s t r u c t u r a l  r e l a t i o n s h i p s  between v i s i o n  and 
a u d i t i o n  -  t h a t  o f  l i p  movements and speech .  There was no doubt  
t h a t  i n f a n t s  from t h r e e  months o f  age were r e s p o n s iv e  t o  th e  
co-Occurrence  o f  f a c i a l  movements and vo ice  p ro d u c t i o n .  The 
r e s u l t s  suppor ted  th e  h y p o th e s i s  t h a t  bimodal  i n f o r m a t io n  was be in g  
u t i l i s e d  i n  an i n t e g r a t e d  f a s h io n .
O v e ra l l  r e s u l t s  from a l l  f o u r  exper iments  p ro v ided  p a r t i a l  
su p p o r t  f o r  a s t r u c t u r a l - a s s o c i a t i v e  h i e r a r c h i c a l  model o f  th e  
development o f  s ig h t - s o u n d  c o o r d i n a t i o n .
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CHAPTER ONE
INTRODUCTION AND REVIEW
In trodu ction
The primary  t h e o r e t i c a l  and e m p i r i c a l  i n t e r e s t  i n  deve lopmenta l  
psychology has  always been th e  concern w i th  ' change '  -  i n  
p a r t i c u l a r  v a r i a t i o n s  , i n  behav iou r  and the  u n d e r ly in g  p r o c e s s e s  
w i th  i n c r e a s i n g  age.  One can judge  th e  a l l - p e r v a s i v e  n a t u r e  o f  
t h i s  concern by scann ing  the  s t a n d a rd  tex tbooks  i n  human 
development.  Almost a l l  have a c h a p t e r  e n t i t l e d  'The Nature o f  
D eve lopm ent. ' , 'Concep t ions  o f  Development. ' ' P r i n c i p l e s  o f
Development'  or  some v a r i a t i o n  t h e r e o f  (Ausubel ,  S u l l i v a n  and I v e s ,  
1980; Hurlock,  1978; KcGurk, 1975)* Thus i t  can be seen  t h a t  th e  
concern  w i th  change i s  n o t  s imply one o f  d e t a i l i n g  v a r i a t i o n  i n  
p s y c h o lo g i c a l  p ro c e s s e s  o r  b ehav iou r  from one age l e v e l  to  a n o t h e r  
bu t  i n  a t t e m p t in g  to c h a r a c t e r i s e  g e n e r a l  h i g h e r - o r d e r  p r i n c i p l e s  
about  the  way in  which changes i n  behav iou r  occur .
One i n e v i t a b l e  i m p l i c a t i o n  o f  t h i s  concern  w i th  n a t u r a l l y  
o c c u r r i n g  v a r i a t i o n  i n  behav iou r  w i th  age i s  the  q u e s t i o n  o f  th e  
end p o i n t s  o f  th e  developmenta l  f u n c t i o n .  Unlike e x p e r i m e n t a l l y  
induced changes i n  behav iour ,  which a r e  u s u a l l y  temporary i n  
n a t u r e ,  changes w i th  age a r e .  r e l a t i v e l y  permanent and more 
im p o r t a n t ly  normal ly  c o n c e p tu a l i s e d  as having  some sequence o r  
o r d e r  i n h e r e n t  i n  them. Fur thermore ,  w i th  rega rd  to e a r l y  
development t h e r e  i s  an u n d e r ly in g  assumption of  d e s i r a b i l i t y  i n  
t h e  o r d e r in g  o f  the  changes ,  t h a t  i s  l a t e r  behav iour  i s  more 
e f f i c i e n t ,  more complex, more a d a p t a b l e  o r  g e n e r a l l y  b e t t e r  i n  some 
sense  than  e a r l i e r  o c c u r r i n g  b ehav iou r .  Thus one end p o i n t  o f  th e  
developmenta l  f u n c t i o n  i s  t h e  optimum or  ' i d e a l '  s t a t e  o f  th e
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p a r t i c u l a r  b e h a v i o u r a l  p ro c e s s  o r  s t r u c t u r e .  Although t h i s  i s  a 
w idely  acc ep ted  v ie w po in t ,  as  has  been p o in ted  out  i t  i s  n o t  always 
u n i v e r s a l l y  a p p l i c a b l e .
' I t  i s  n o t  c l e a r  t h a t  th e  20 y e a r  o l d ' s  c a p a c i t y  
f o r  d e p re s s io n  i s  a welcome competence t h a t  th e  
4 y e a r  o ld  l a c k s ,  o r  t h a t  the  15 y e a r  o l d ' s  
c a p a c i t y  f o r  homicide  i s  to  be p r e f e r r e d  to  the  
innocuous p la y  o f  th e  5 y e a r  o l d . '
Kagan, K ears ley  and Zelazo (1978,  p . 5)
In g e n e r a l  th en  i t  can be seen  t h a t  th e  d e s i r a b i l i t y  or  
i d e a l n e s s  o f  the  developmenta l  en d -p o in t  w i l l  be va lue  dependen t .
I t  i s  t h e  o t h e r  end o f  th e  developmenta l  f u n c t i o n  t h a t  i s  th e
focus  o f  the  p r e s e n t  d i s c u s s i o n ,  t h a t  i s  c e r t a i n  a s p e c t s  o f  the
o r i g i n s  o f  b ehav iou r .  I t  might be assumed t h a t  t h e o r e t i c a l  
c o n t ro v e r s y  about  the  beg inn ing  s t a t e s  would be much l e s s  tha n  t h a t  
su r ro u n d in g  the  end s t a t e s  s in c e  th e  former cannot  have th e  same 
e v a l u a t i v e  component a t t a c h e d  to  them. I t  seems almos t  ' a  p r i o r i '  
the  case t h a t  th e  o r i g i n s  o f  behav iou r  must always be l e s s  o p t im a l  
than  the  l a t e r  s t a g e s ;  however as  w i l l  be d e s c r ib e d  l a t e r  f o r
p e r c e p t u a l  development one major t h e o r e t i c a l  p o s i t i o n  h o ld s  th e
o p p o s i t e  view f o r  the  e a r l y  p a r t  o f  l i f e .
One im por tan t  a s p e c t  o f  the  s tudy  o f  developmenta l  f u n c t i o n s  
has  been the  comparison o f  o n to g e n e t i c  development w i th  
p h y lo g e n e t i c  development.  The Darwinian n o t i o n  o f  e v o l u t i o n a r y  
changes i n  behav iou r  which a g a in  has  an im plied  e v a l u a t i v e
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c o n n o ta t io n  has  been p a r t i c u l a r l y  i n f l u e n t i a l . a s  c h a r a c t e r i s e d  by 
th e  p h ra s e  a t t r i b u t e d  to Haeckel  t h a t
'ontogeny r e c a p i t u l a t e s  phy logeny'
( taken  from Kagan, K ears ley  and Ze lazo ,  1978)
H i s t o r i c a l l y  t h i s  proved an im p o r tan t  id e a  s in c e  i t  s t a t e d  
e x p l i c i t l y  the  n o t i o n  t h a t  the  e a r l y  behav iour  o f  th e  c h i l d  was an 
im p o r tan t  d e te rm in a n t  o f  l a t e r  behav iou r  i n  th e  same way t h a t  the  
a p e ' s  behav iou r  was a n e c e s s a ry  p r e c u r s o r  o f  man's  b eh a v io u r .  
However, th e  p a r a l l e l i s m  im plied  i n  th e  two developmenta l  sequences  
i s  o f t e n  seen to  go much deeper  than  analogy .  One th e o ry ,  o f  
p e r c e p t u a l  development,  by Bower (1974b) proposes  a d i r e c t  
r e l a t i o n s h i p  i n  t h a t  the  i n f a n t  i s  viewed as going through a s e r i e s  
o f  s t a g e s  t h a t  a r e  e q u i v a l e n t  to  p a r t i c u l a r  s t a g e s  i n  e v o l u t i o n a r y  
development.
The pr imary  r e s e a r c h  focus  on th e  o r i g i n s  o f  behav iou r  has  been 
t o  d e t a i l  th e  i n f a n t ' s  knowledge base and r e l a t e  i t  and the  changes 
t h e r e i n  to  c a p a c i t i e s  and competenc ies  t h e  i n f a n t  shows, in  
p a r t i c u l a r ,  p e r c e p t u a l  and motor f u n c t i o n i n g .  Thus th e  i n f a n t ' s  
r e l a t i o n s h i p  to  the  e x t e r n a l  wor ld ,  h i s  i n t e l l e c t u a l ,  em o t iona l  and 
s o c i a l  behav iour  i s  seen  to  be b u i l t  upon th e  in f o r m a t io n  c o n ta in e d  
o r  a v a i l a b l e  i n  h i s  r e p r e s e n t a t i o n  o f  the  world ,  which in  t u r n  i s  
dependent  upon h i s  p e r c e p t u a l  and motor s k i l l s  a t  each s t a g e  o f  th e  
l i f e  c y c l e .  N e c e s s a r i l y  then  an u n d e r s t a n d in g  o f  any a s p e c t  o f  
development p resupposes  an u n d e r s t a n d in g  o f  the  way i n  . which th e  
c h i l d  a t  t h a t  s t a g e  p icks  up,  u t i l i s e s ,  s t o r e s  and i n t e g r a t e s
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i n fo rm a t io n  i n t o  h i s  e x i s t i n g  s t o r e  o f  knowledge.  I t  i s  t h i s  
fundamenta l  a s p e c t  o f  p e r c e p t u a l  development t h a t  makes i t  such a 
r i c h  source  f o r  bo th  t h e o r e t i c a l  s p e c u l a t i o n  and e m p i r i c a l  
i n v e s t i g a t i o n  and w i l l  be th e  s u b j e c t  o f  t h i s  d i s c u s s i o n .  In 
p a r t i c u l a r  i t  w i l l  c o n c e n t r a t e  on th e  r e l a t i o n s h i p s  l i n k i n g  v i s i o n  
and a u d i t i o n .  The remainder  o f  t h i s  i n t r o d u c t i o n  w i l l  f i r s t l y  g ive  
a b r i e f  h i s t o r i c a l  review o f  some o f  th e  more im por tan t  t h e o r i e s  o f  
c ro s s -m oda l  f u n c t i o n i n g ,  w i th  p a r t i c u l a r  r e f e r e n c e  to  e a r l y  
development.  The second s ec t io n ,  w i l l  then  examine from a 
f u n c t i o n a l  vie\?point  and p r o c e s s - o r i e n t e d  p e r s p e c t i v e  t h e  r e s u l t s  
o f  r e s e a r c h  from the  adu l t '  and c h i l d  l i t e r a t u r e ,  in  which d i f f e r e n t  
combinations  o f  m o d a l i t i e s  have been used ,  in  an a t t e m p t  to  p la c e  
a u d i t o r y - v i s u a l  i n t e r a c t i o n  i n  a more g e n e r a l  c o n t e x t  o f  
c ross -m oda l  p ro c e s s in g .  In  p a r t i c u l a r  i t  w i l l  be argued t h a t  t h e s e  
a r e  dependent  upon both  th e  p h y s i c a l  pa ram ete rs  o f  th e  s t im u lu s  
s i t u a t i o n  and a l s o  th e  t a s k  r e q u i r e m e n t s .  The im p o r ta n t  p o i n t  
b e ing  t h a t  th e s e  d i f f e r e n t  p ro c e s s e s  span d i f f e r e n t  com bina t ions  o f  
m o d a l i t i e s .  Following t h i s ,  more r e c e n t  models o f  th e  development 
o f  i n t e r - m o d a l  i n t e g r a t i o n  w i l l  be examined.  F i n a l l y  a h y p o t h e s i s  
w i l l  be e l a b o r a t e d  t h a t  a t t e m p t s  to  l i n k  t h i s  id e a  o f  d i f f e r e n t  
ty p e s  o f  c ross -m odal  p ro c e s s  to  a s t a g e  r e l a t e d  view o f  th e  
development o f  in t e r - m o d a l  i n t e g r a t i o n .  The subsequen t  c h a p t e r s  
d e s c r i b e  a s e r i e s  o f  exper iments  t h a t  a t t em p t  to  e v a l u a t e  th e  
adequacy o f  t h i s  h y p o th e s i s  f o r  a u d i t i o n  and v i s i o n .
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H i s t o r i c a l l y ,  t h e o r i e s  o f  p e r c e p t u a l  f u n c t i o n i n g  have long 
preceded ex p e r im e n ta l  r e s e a r c h .  Bishop Berkeley (1709) i s  widely  
regarded  as th e  man who d e l i n e a t e d  th e  main c o n c e p tu a l  d i v i s i o n .  
His th e o ry ,  d e r ive d  from th e  p h i l o s o p h i c a l  schoo l  o f  t h e  B r i t i s h  
e m p i r i c i s t s ,  was t h a t  our  r e p r e s e n t a t i o n  o f  th e  world i s  b u i l t  up 
over  a p e r io d  o f  t ime from s imple o r  e lementary  senso ry  im p res s io n s  
which a r e  combined e i t h e r  w i th  each o t h e r  o r  -w i th '  s t o r e d  
im pres s ions  from a p rev io u s  s e t  o f  e x p e r i e n c e s .  In p a r t i c u l a r  he 
argued t h a t  we come to  i n t e r p r e t  th e  v i s u a l  cues a v a i l a b l e  i n  th e  
o p t i c  a r r a y  by a s s o c i a t i n g  th e s e  cues w i th  in f o r m a t io n  from the  
o t h e r  sensory  sys tems .  For example,  he b e l i e v e d  t h a t  i n  o r d e r  to  
p e r c e iv e  dep th  from o p t i c a l  s t i m u l a t i o n  i t  i s  n e c e s s a ry  to  
s im u l ta n e o u s ly  use in f o r m a t io n  d e r ive d  from t a c t u a l  i n p u t  to  
d e l i m i t  o r  d e f i n e  what th e  v i s u a l  in fo rm a t io n  means i n  te rms o f  th e  
shapes  and s i z e s  o f  o b j e c t s  and t h e i r  l o c a t i o n  i n  s pace .  Note 
however t h a t  once one has  l e a r n t  th e  ' p r o p e r '  i n t e r p r e t a t i o n  o f  
t h e s e  v i s u a l  cues one can the n  d e a l  w i th  them d i r e c t l y  r a t h e r  tha n  
i n  c o n ju n c t io n  w i th  i n p u t  from o t h e r  m o d a l i t i e s .  Thus th e  i d e a  
t h a t  touch t e a c h e s  v i s i o n .  Although t h i s  dominance o f  touch  over  
v i s i o n  i s  no lo nger  widely accep ted  th e  main id e a  o f  th e  im por tance  
o f  th e  r o l e  o f  e x p e r i en ce  i n  p e r c e p t u a l  development and t h a t  th e  
meaning o f  in fo rm a t io n  about  one p a r t i c u l a r  sense  moda l i ty  r e s u l t s  
from convergent  o r  feedback  in fo rm a t io n  from o th e r  m o d a l i t i e s  i s  
s t i l l  s t r o n g .  The second major component o f  B e r k e l e y ' s  th e o ry  i s  
th e  i m p l i c a t i o n  t h a t  our  expe r i ence  o f  o b j e c t s  and e v e n t s  i s  
m ul t i -m oda l  and t h a t  t h e r e  i s  an i n t e r a c t i o n ,  a t  some l e v e l ,  
between th e  sensory  systems i n  our  r e p r e s e n t a t i o n  o f  th e  w or ld .
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The converse o f  B e r k e l e y ' s  p o s i t i o n  was. t h a t  proposed by th e  
N a t i v i s t s  o r  ' r a t i o n a l i s t s ' .  Here th e  r o l e  o f  e x p e r i en ce  was seen  
as  minimal i n  our  fundamenta l  p e r c e p t i o n  o f  th e  wor ld .  Kant argued  
t h a t  our  knowledge o f  space  i s  t h e r e  a t  b i r t h .  That i s  t h a t  we can 
i n t e r p r e t  th e  v i s u a l  cues a v a i l a b l e  i n  th e  o p t i c  a r r a y  d i r e c t l y  and 
w i th o u t  r e f e r e n c e  to  th e  o t h e r  sensory  sys tems .  Fur therm ore ,  s i n c e  
we d e r i v e  in f o r m a t io n  about  th e  same space from a l l  o f  th e  
d i f f e r e n t  sense  m o d a l i t i e s ,  any i n t e r a c t i o n  o r  a s s o c i a t i o n  between 
th e  se n s e s  must a l s o  be t h e r e  a t  b i r t h .  Thus he argued  our  
knowledge o f  space i s  f i t t e d  onto  our  p e r c e p t i o n s  r a t h e r  th a n  be ing  
d e r ive d  o r  c o n s t r u c t e d  from i t  as  t h e  e m p i r i c i s t s  cla imed.
From t h i s  r a t h e r  fundamenta l  d i v i s i o n  i t  can be seen t h a t  one 
s e t  o f  c r u c i a l  q u e s t i o n s  about  p e r c e p t u a l  development conce rns  th e  
independence o f  th e  sensory  systems i n  p ro c e s s in g  and th e  
development o f  i n t e r - s e n s o r y  f u n c t i o n i n g .  Given t h a t  we o p e r a t e  
w i t h i n  a number o f  senso ry  m o d a l i t i e s  s im u l ta n e o u s ly  and t h a t  th e  
o b j e c t s  and e ven t s  t h a t  impinge upon us i n  g e n e r a l  have m u l t i -m o d a l  
a t t r i b u t e s ,  how do we i n t i a l l y  r e p r e s e n t  such in fo r m a t io n ,  how does 
th e  r e p r e s e n t a t i o n  i n c o r p o r a t e  c o n t in g e n c i e s  a c ro s s  m o d a l i t i e s ,  how 
does our  means o f  r e p r e s e n t a t i o n  change w i th  age,  i f  a t  a l l  and 
what consequences  does t h i s  have on our  behav iour?  The two 
p e r s p e c t i v e s  o u t l i n e d  above p rov ide  q u i t e  d i f f e r e n t  answers to  
th e s e  q u e s t i o n s  bu t  w i th  even only  a cu rso ry  g lance  a t  th e  ev idence  
from everyday expe r i ence  i t  can be seen  t h a t  n e i t h e r  i s  com ple te ly  
adequa te .  For example, t a k in g  th e  s t r i c t  e m p i r i c i s t  p o s i t i o n  even 
Bishop Berke ley conceded t h a t  d i s c r i m i n a t i o n  o f  say t h e  v i s u a l  cues 
s p e c i f y i n g  dep th  were a l r e a d y  ' g i v e n '  w i t h i n  th e  nervous  system in
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t h a t  th e  p e r c e p t u a l  a p p a ra tu s  f o r  d i s c r i m i n a t i o n  o f  th e s e  cues was 
a v a i l a b l e  from b i r t h .  What the  organism had to l e a r n  was t h a t  
t h e s e  cues d id  s p e c i f y  dep th  by t a k in g  account  o f  i n fo rm a t io n  
o b ta ined  t a c t u a l l y .  Thus a t  t h e  most p r i m i t i v e  s enso ry  l e v e l  
c e r t a i n  ' g i v e n s '  a r e  conceded.  S i m i l a r l y  t h e r e  a r e  numerous 
i n s t a n c e s  o f  p e r c e p t u a l  phenomena where th e  s t im u lu s  a r r a y  c o n t a i n s  
in fo rm a t io n  about  s t r u c t u r e s  t h a t  a r e  n o t  i n t i a l l y  p e r c e iv e d .  
However g iven  a d d i t i o n a l  p i e c e s  o f  i n f o rm a t io n  o r  an o p p o r t u n i t y  to  
g a in  f a m i l i a r i t y  w i th  th e  s t im u lu s  i n f o rm a t io n  th e n  th e s e  
s t r u c t u r e s  a r e  r e v e a l e d .  For example,  ambigous f i g u r e  type  v i s u a l  
i l l u s i o n s  -  'My wife  and my m o th e r - in - l a w '  (Boring,  1930) can be 
pe rce iv ed  in  one o f  two ways, and th e  p e r c e p t  can be s e t  o r  
c o n s t r a i n e d  by some p r i o r  e x p e r i e n c e ;  v e r b a l  i n s t r u c t i o n  o r  an 
unambigous example o f  th e  same f i g u r e .  A d d i t i o n a l l y ,  the
d i s c r i m i n a t i o n  o f  t o n e s ,  wine t a s t i n g  e t c .  a l l  dem ons t ra te  a 
profound e f f e c t  o f  l e a r n i n g  and expe r i ence  on p e r c e p t i o n .  Examples 
o f  t h e s e  types  dem ons t ra te  changes i n  p e r c e p t u a l  focus  o r  
o r g a n i s a t i o n ,  no t  only over  th e  s h o r t  term bu t  a l s o  more 
fundamenta l  o r  r a d i c a l  changes over  a longe r  t ime span .  This  
s u g g e s t s  a q u i t e  d i f f e r e n t  con ce p t io n  o f  p e r c e p t u a l  development
from the  extreme r a t i o n a l i s t  p o s i t i o n  which p roposes  a p e r c e p t u a l l y  
mature organism from b i r t h .
Recent t h e o r i e s  o f  p e r c e p t u a l  development a l th o u g h  p r e s e n t i n g  
more s o p h i s t i c a t e d  accoun ts  and based upon a l a r g e r  corpus  o f
ev idence ,  have s t i l l  no t  prov ided  a v e r s i o n  which i s  w ide ly  
acc e p te d .  Indeed the  main t h e o r e t i c a l  d i v i s i o n  remains  based  on
th e  e m i p r i c i s t - r a t i o n a l i s t  d i s t i n c t i o n  a l th o u g h  i t  i s
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c o n c e p tu a l i s e d  i n  a l e s s  extreme form. Three major t h e o r i e s  w i l l  
be d e s c r ib e d  b r i e f l y  i n  th e  fo l lo w in g  s e c t i o n  wi th  e v a l u a t i o n  o f  
th e  ev idence  adduced in  t h e i r  f av o u r .  The nex t  s e c t i o n  w i l l  the n  
review more g e n e r a l l y  th e  ex p e r im e n ta l  ev idence  r e l a t i n g  to 
c ross -m oda l  f u n c t i o n i n g ,  bo th  f o r  i n t e r n a l  c o n s i s t e n c y  as w e l l  as  
r e l e v a n c e  to  th e  primary  q u e s t i o n s  a l r e a d y  o u t l i n e d .  In th e  l i g h t  
o f  t h i s  c r i t i q u e  a r e - a s s e s s m e n t  o f  the  t r a d i t i o n a l  type  o f  th e o ry  
w i l l  be made and a new approach to  t h e s e  q u e s t i o n s  p u t  forward .
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Three Approaches to P e r c e p t u a l  Development
P ia g e t
H i s t o r i c a l l y  the  f i r s t  o f  the  modern v ie w po in ts  o f  c ross -m odal  
development l i e s  i n  P i a g e t ' s  (1953) the o ry  o f  e a r l y  p e r c e p t u a l  and 
c o g n i t i v e  development o r  what he would term the  s t a g e  o f  
s e n s o r i - m o t o r  i n t e l l i g e n c e . He argued t h a t  i n t i a l l y  the  newborn 
i n f a n t  occup ies  a world i n  which the  s enso ry  systems f u n c t i o n  q u i t e  
in d e p en d en t ly .  The developmenta l  p r o g r e s s  i s  th e n  one o f  
i n c r e a s i n g  i n t e g r a t i o n  and c o - o r d i n a t i o n  o f  the  m o d a l i t i e s  which 
occu rs  r a p i d l y  over  the  f i r s t  s i x  months o f  l i f e .  At f i r s t  t h i s  
might  seem no more than  a s imple r e s t a t e m e n t  o f  the  e m p i r i c i s t  
t r a d i t i o n  a l r e a d y  o u t l i n e d ,  bu t  t h e  theo ry  i s  much r i c h e r  and more 
complex than  t h a t .  In  p a r t i c u l a r ,  i t  i s  h e a v i l y  b i o l o g i c a l  i n  such 
a way t h a t  P ia g e t  views a g r e a t  d e a l  o f  development as  hav ing  a 
g e n e t i c  component. For example,  n o t  only  a r e  b a b i e s  c o n s t r a i n e d  
w i t h i n  each senso ry  system to be r e c e p t i v e  to  p a r t i c u l a r  ranges  o f  
env i ronm en ta l  s t i m u l a t i o n ,  a b i o l o g i c a l  d e t e rm in a n t  b u t ,  more 
i m p o r t a n t ly  th e y  a r e  a l s o  c o n s t r a i n e d  i n  t h e i r  f u n c t i o n a l  
r e l a t i o n s h i p  w i th  the  environment i n  t h a t  the  i n c o r p o r a t i o n  and 
r e p r e s e n t a t i o n  o f  t h i s  in f o r m a t io n  i s  governed by an e q u i l i b r i u m  o f  
two p ro c e s s e s  -  those  o f  a s s i m i l a t i o n  and accommodation. These two 
p ro c e s s e s  a r e  a l s o  b i o l o g i c a l l y  g iven .  I t  i s  the  knowledge 
s t r u c t u r e s  o r  schemata formed by th e s e  p ro c e s s e s  t h a t  a r e  dependent  
on ex p e r i e n c e .  Fur thermore ,  he s e e s  the  i n f a n t  a s  b e in g  
b i o l o g i c a l l y  p red is p o s ed  to form in t e r - m o d a l  c o n n e c t io n s  and 
schemata.  These id e as  can b e s t  be i l l u s t r a t e d  by examining how he
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sees  e a r l y  a u d i t o r y - v i s u a l  f u n c t i o n i n g .
According to P ia g e t  f o r  app rox im ate ly  the  f i r s t  month o f  l i f e  
th e  newborn i n f a n t ' s  v i s u a l  and a u d i t o r y  c a p a b i l i t i e s  a r e  ex t rem ely  
l i m i t e d  and almost  e n t i r e l y  r e f l e x i v e ,  e . g .  the  p u p i l l a r y  and 
p a l p e b r a l  r e f l e x e s  and q u i e t i n g  i n  response  to sound.  Towards th e  
end o f  the  f i r s t  month a c q u i r e d  behav iou r  beg ins  to  occu r  i n  t h a t  
v i s u a l  accommodation to  a moving l i g h t  source  i s  f i r s t  obse rved .  
Both P i a g e t ' s  c h i l d r e n  Lauren t  and J a c q u e l in e  a t  21 and 24 days 
r e s p e c t i v e l y ,  f i r s t  showed the  a b i l i t y  to  fo l low  the  f lame o f  a 
match,  20 c e n t im e t r e s  from t h e i r  eyes ,  i n  a dimly l i t  room. 
G e n e r a l i s a t i o n  o f  t h i s  v i s u a l  schemata o f  d i r e c t i o n  o f  gaze th rough  
th e  a s s i m i l a t i o n  and accommodation p ro c e s s e s  l e a d s  to i n c r e a s i n g  
e x p l o r a t i o n  o f  the  v i s u a l  f i e l d .
'L au ren t  ex p lo re s  h i s  u n iv e r s e  l i t t l e  by l i t t l e .
At 0; 1 (9 ) ,  f o r  example,  as  soon as he i s  
h e ld  v e r t i c a l l y  i n  th e  arms o f  h i s  n u r s e ,  he 
examines s u c c e s i v e l y  the  v a r io u s  images 
b e fo re  him. F i r s t  he s e e s  me, then  r a i s e s  
h i s  eyes and looks  a t  th e  w a l l s  o f  the  room, 
then  tu r n s  towards a dormer window, e t c . '
(1953,  Obs.33,  p . 84) .
In  p a r a l l e l  w i th  t h e s e  developments h e a r i n g  a l s o  undergoes  
a c q u i r e d  p a t t e r n s .  I n t i a l l y  t h i s  c o n s i s t s  o f  r e c o g n i t o r y  and 
d i s c r i m i n a t o r y  responding  to s e l e c t e d  sounds by
'p ro longed  i n t e r r u p t i o n  o f  the  a c t i o n  i n  p r o g r e s s '
(1953,  p . 94) .
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Changes o f  e x p r e s s io n  a l s o  o ccu r ,  hu t  i n c r e a s i n g l y  t h e r e  i s  
o r i e n t a t i o n  o f  th e  head and eyes towards the  l o c a t i o n  o f  the  sound.  
At the  o u t s e t  however t h i s  o r i e n t a t i o n  i s  r ega rded  mere ly  as  the  
i n f a n t  accommmodating to the  sound, i . e .  o r i e n t a t i o n  o f  th e  e a r s  
s i m i l a r  to  the  o r i e n t a t i o n  o f  the  eyes towards s p a t i a l l y  d i s p l a c e d  
l i g h t .  The c h i l d  a t  t h i s  s t a g e  i s  n o t  thought  to he ' l o o k i n g '  f o r  
th e  source  o f  the  sound,  which i s  a l a t e r  acq u i re d  beh av io u r .  I t  
i s  t h i s  c o n c lu s io n ,  which h i g h l i g h t s  th e  f i r s t  d i f f i c u l t y ,  P i a g e t ' s  
i n t e r p r e t a t i o n  o f  h i s  ev idence .
Much o f  the  d i s c u s s i o n  conce rn ing  a u d i t o r y - v i s u a l  c o o r d i n a t i o n  
i s  lo c a t e d  i n  o b s e r v a t i o n s  43 to 49 in  'The O r ig in  o f  I n t e l l i g e n c e  
i n  the  C h i l d ' .  The c r u c i a l  datum appea rs  to  be t h a t  i n  O b se rv a t io n  
47* Here he c la ims  t h a t  f o r  th e  c h i l d  to a c c u r a t e l y  l o c a t e  the
sou rce  o f  the  sound and s e a r c h  a p p r o p r i a t e l y  the  c h i l d  must have
r e c e n t l y  seen  th e  r e q u i r e d  o b j e c t ,  i n  t h i s  case  a f a c e ,  and
second ly  t h a t  i t  must have been i n  mot ion.  I f  t h e s e  p r e c o n d i to n s  
a r e  n o t  s a t i s f i e d  then  the  c h i l d ' s  r e sponse  to  a l a t e r a l l y  
d i s p l a c e d  vo ic e  i s  one o f  v i s u a l  e x p l o r a t i o n  s o l e l y  w i t h i n  th e  
v i s u a l  f i e l d .  P i a g e t ' s  e x p l a n a t i o n  f o r  t h i s  v i s u a l  a c t i v i t y  i s  
t h a t  s t i m u l a t i o n  o f  one senso ry  m o da l i ty  induces  t h e  c h i l d  to b r i n g  
a l l  h i s  s enso ry  schemata i n t o  p la y ,  v i s i o n ,  g r a s p in g ,  o l f a c t i o n ,  
e t c .  This  m o t iv a t io n  ag a in  be ing  b i o l o g i c a l l y  g iven .  The p r e v io u s  
o b s e r v a t i o n  however shows t h a t  though t h e r e  a r e  a t t e m p t s  to
l o c a l i s e  the  sound th e se  a re  o f t e n  u n s u c c e s s f u l -  Lauren t  a t  0;1 (8)
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'Then I  c a l l  him s o f t l y ,   ...................
  His head o s c i l l a t e s  s l i g h t l y  from
r i g h t  to l e f t  w i th o u t  y e t  f i n d i n g  the 
r i g h t  l o c a t i o n  and h i s  g la nce  i n s t e a d  o f  
remain ing  f i x e d  as p r e v io u s l y  a l s o  s e a r c h e s . '
(1953,  Obs.46,  p . 98)
Thus he appea rs  to  be sa y in g  t h a t  v i s u a l  s e a r c h  f o r  a sound 
r e q u i r e s  p rev ious  v i s u a l  i n p u t  b u t  a l s o  quo tes  o c c u r r e n c e s  o f  
b ehav iou r  t h a t  a r e  c a l l e d  a u d i t o r y  accommodation,  bu t  a r e  
s t r u c t u r a l l y  isomorphic  to the  v i s u a l  s e a r c h  j u s t  d e s c r i b e d .  
P i a g e t ' s  i n t e r p r e t a t i o n  o f  the  d a t a  seems guided by the  t h e o ry  
r a t h e r  than  the  th e o ry  d r iv e n  by th e  ev idence .  However, t h i s  
n e c e s s i t y  f o r  v i s u a l  in f o r m a t io n  i n  a s s o c i a t i o n  w i th  a u d i t o r y  
in f o r m a t io n  f o r  sound l o c a l i s a t i o n  i s  an im por tan t  one and w i l l  be 
pursued  i n  more d e t a i l  l a t e r  on.
As p r e v io u s l y  s t a t e d  P i a g e t  r e g a rd s  th e  c o o r d i n a t i o n  o f  the  
s en s o ry  schemata as  a b i o l o g i c a l  n e c e s s i t y .  This  i n t e g r a t i o n  comes 
about  because  o f  th e  s im u l taneous  n a t u r e  o f  th e  p r o c e s s i n g  o f  
s enso ry  i n p u t  -  the u t i l i s a t i o n  o f  a l l  s ensory  schemata upon th e  
s t i m u l a t i o n  o f  one.  Thus as the  c h i l d  t u r n s  towards th e  s o u rce  o f  
a sound he a t t e m p t s  to  i n c o r p o r a t e  a l l  the  incoming i n f o r m a t i o n  to  
h i s  e x i s t i n g  schemata -  no t  on ly  the  a u d i t o r y  bu t  a l s o  th e  v i s u a l  
in f o r m a t io n .  This  p ro ces s  he terms r e c i p r o c a l  a s s i m i l a t i o n  and 
a p p l i e s  n o t  only  to a u d i t o r y  and v i s u a l  c o o r d i n a t i o n  b u t  a l s o  o t h e r  
com bina t ions  o f  the  senso ry  m o d a l i t i e s .  In  p a r t i c u l a r  th e  human 
f a c e  and vo ic e  i s  seen  to  p la y  an im por tan t  p a r t  i n  t h i s  p r o c e s s  i n
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t h a t  i t  i s  a h ig h l y  s a l i e n t  v i s u a l  and a u d i t o r y  s t im u lu s  o b j e c t ,  
i n c o r p o r a t i n g  bo th  v a r i e d  movement and so P i a g e t  c l a im s  
f a m i l i a r i t y .  At t h i s  e a r l y  age th e  i n f a n t ' s  p a r e n t s  would be the  
more f r e q u e n t l y  o c c u r r i n g  f a c e / v o i c e  combinations  i n  the  c h i l d ' s  
world .  The schemata r e p r e s e n t i n g  th e s e  images thus  ta k e  on 
m ul t i -m odal  a t t r i b u t e s ,  which o f  course  a r e  s t r e n g t h e n e d  by 
c o n t in u in g  r e c i p r o c a l  a s s i m i l a t i o n .  This  t r u l y  c o o r d i n a t e
i n t e r s e n s o r y  p r o c e s s in g  o n s e t s  towards th e  end o f  th e  second
s u b s t a g e  o f  the  s e n s o r i - m o t o r  i n t e l l i g e n c e  p e r io d ,  around 3 to  4 
months.  However, a t  t h i s  s t a g e  i n t e g r a t i o n  o f  a u d i t i o n  and v i s i o n  
only  a p p l i e s  to  c e r t a i n  p r i v i l e g e d  o b j e c t s  i n  th e  envi ronment,  e . g .  
f a m i l i a r  f a c e s  and v o ic e s  and f a m i l i a r  o b j e c t s  and t h e i r  a s s p c i a t e d  
n o i s e s .  D esp i te  th e  importance  o f  f a m i l i a r i t y  f o r  t h i s
c o o r d i n a t i o n ,  th e  a s s o c i a t i o n  i s  n o t  to  be co n s t ru ed  as a p a s s i v e  
a s s o c i a t i o n  o f  th e  two s o u rces  o f  s t i m u l a t i o n  as i s  th e  case  i n  th e  
c l a s s i c a l  c o n d i t i o n i n g  paradigm. What P i a g e t  seems to  be im ply ing  
i s  t h a t  i t  i s  the  s p a t i a l  p o s i t i o n s  o f  the  s o u rc e s  t h a t  a r e
im p o r ta n t .  That i s  the  i n f a n t  would n o t  form an a s s o c i a t i o n  
between the  two contemporaneous s o u rces  from d i f f e r e n t  m o d a l i t i e s  
i f  they were d i s p l a c e d ,  bu t  would,  i n  f a c t  does do so when they  a r e  
con t iguous  bo th  tem pora l ly  and s p a t i a l l y .  Nor i s  i t  n e c e s s a r y  to 
h y p o th e s i s e  t h a t  the  c h i l d  have some common a u d i t o r y / v i s u a l  s p a t i a l  
system a t  t h i s  s t a g e ,  i t  b e ing  only  n e c e s s a ry  t h a t  th e  i n f a n t
a t t e m p t  to  look and l i s t e n  s im u l ta n e o u s ly ,  s i n c e  the  s e m i - r e f l e x i v e  
accommodation to  s i g h t  and sound s e p a r a t e l y  which i s  a l r e a d y
developed ,  would o r i e n t  the  s e t s  o f  r e c e p t o r s  to the  same p o i n t  i n
space .
Page 13
From t h i s  rud im en ta ry  beg inn ing  a u d i t o r y - v i s u a l  c o o r d i n a t i o n  
the n  ta k es  o f f  as  the  c h i l d  bo th  beg in s  to  a n t i c i p a t e  i n t e r s e n s o r y  
c o n n ec t io n s  and a c t i v e l y  s e a r c h e s  f o r  a s s o c i a t i o n s  between the  
m o d a l i t i e s .  P ia g e t  g ive s  l i t t l e  more s p e c i f i c  d e t a i l  about  the  
course  o f  a u d i t o r y - v i s u a l  i n t e g r a t i o n  bu t  the  i m p l i c a t i o n  i s  t h a t  
th e  developmenta l  course  i s  o f  two forms -
(1) i n c r e a s i n g  u t i l i s a t i o n  o f  the  a b i l i t y  to c o o r d i n a t e  
h e a r i n g  and v i s i o n  f o r  d i f f e r e n t  o b j e c t s  and e v e n t s ,  
and (2 )  i n c r e a s i n g  c o o r d i n a t i o n  w i th  the  o t h e r  s e n s e s ,  most
n o ta b ly  w i th  p re h e n s io n ,  o r  g r a s p in g  r e s u l t i n g  s low ly  
i n  the  most im p o r tan t  developmenta l  g o a l  o f  th e  f i r s t  
s t a g e  -  the  development o f  the  o b j e c t  concep t .
I t  i s  n o t  in t en d ed  a t  t h i s  s t a g e  to  rev iew a l l  the  ev idence  
r e l e v a n t  to  P i a g e t ' s  t h e o r e t i c a l  p o s i t i o n .  However i t  must be 
p o in t e d  ou t  t h a t  the  d a t a  he p u t s  forward  i n  s u ppo r t  i s  based  on 
t h r e e ,  p o s s i b l y  u n r e p r e s e n t a t i v e  c h i l d r e n  i n  s e t t i n g s  which
v i r t u a l l y  p rec luded  any s y s t e m a t i c  c o n t r o l  o f  th e  o b s e r v a t i o n s .  
Thus, as P ia g e t  would ackowledge,  the  ages quo ted  f o r  th e
developmenta l  course  he c h a r t s  must n o t  be rega rded  as  p r e c i s e  
e s t i m a t e s  o f  th e  occu r renc es  o f  t h e se  changes.  Secondly ,  the  
o b s e r v a t i o n s  very  o f t e n  do n o t  p ro v id e  s u f f i c i e n t  t e s t s  o f  the  
p r o p o s i t i o n s  he p u t s  forward .  For example,  i t  i s  im p o s s ib l e  to  
t e l l  from P i a g e t ' s  o b s e r v a t i o n s  when th e  i n f a n t  p r o g r e s s e s  from the  
s t a g e  where o r i e n t a t i o n  o f  the  head towards a sound i s  ' a u d i t o r y  
accommodation'  and when i t  i s  ' s e a r c h i n g  f o r  th e  sou rce  o f  th e
s o u n d ' .  Why i s  the  f i r s t  behav iour  n o t  i d e n t i c a l  i n  f u n c t i o n  to
th e  second,  what i s  the  b e h a v i o u r a l  m a n i f e s t a t i o n  o f  th e
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d i f f e r e n c e ?  N e v e r th e l e s s  t h e s e  c r i t i c i s m s  do n o t  i n  themse lves  
i n v a l i d a t e  the  th e o ry  as to  the  course  o f  the  development o f  
i n t e r s e n s o r y  c o o r d i n a t i o n .
In  summary, P ia g e t  s e e s  i n t e r s e n s o r y  c o o r d i n a t i o n  r e s u l t i n g  
from an i n n a t e  b i o l o g i c a l  p ro c e s s  i n  which the  i n f a n t  a t t e m p t s  to 
i n c o r p o r a t e  a l l  senso ry  in f o r m a t io n  i n t o  h i s  r e p r e s e n t a t i o n  o f  
r e a l i t y .  This  p ro ces s  depends however on the  f a c t  t h a t  d u r in g  
e a r l y  development c e r t a i n  s a l i e n t  o b j e c t s  i n  the  envi ronment  have 
d i s t i n c t  m ul t i -m odal  p r o p e r t i e s  t h a t  occur  b o th  contemporaneous ly 
and c o n t ig u o u s ly  and t h a t  a l low s  th e  p ro ces s  o f  r e c i p r o c a l  
a s s i m i l a t i o n  to  a c t  upon them.
Gibson
In  c o n t r a s t  to th e  P i a g e t i a n  p o s i t i o n  where the  p s y c h o l o g i c a l  
s t r u c t u r e  and r e p r e s e n t a t i o n  o f  the  world i s  de te rm ined  by th e  
a c t i o n s  o f  the  organism on th e  e x t e r n a l  i n f o r m a t io n  -  a 
c o n s t r u c t i v i s t  view of  p e r c e p t i o n ,  Gibson (1966,1979) p roposes  a 
q u i t e  d i f f e r e n t  a l t e r n a t i v e .  The Gibson ian v iewpo in t  i s  b a s i c a l l y  
t h a t  the  i n fo rm a t io n  t h a t  th e  organism u t i l i s e s  i s  d i r e c t l y  
a v a i l a b l e  from the  s t im u lu s  a r r a y .  In  p a r t i c u l a r  he a rgues  t h a t  
th e  s t r u c t u r e  o f  i n fo rm a t io n  i s  p e rce iv ed  from the  p a t t e r n  o f  
changes i n  the  s t im u lu s  a r r a y  over  t ime.  The a v a i l a b i l i t y  o f  t h i s  
s t r u c t u r e  d e r i v e s  from the  f a c t  t h a t  a l th o u g h  the  s t im u lu s  p a t t e r n  
may change over t ime c e r t a i n  a s p e c t s  o r  f e a t u r e s  do n o t  change o r  
change i n  an o r d e r l y  way w i th  r e s p e c t  to  one a n o t h e r .  Thus t h e  
s u b s t a n t i a l i t y  o f  an o b j e c t  can be p e rc e iv e d  th rough  v i s i o n  a lo n e
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by the  f a c t  t h a t  a r i g i d  o b j e c t  i n  motion shows changes i n  
p e r s p e c t i v e  o f  the  e x t e r n a l  boundary bu t  i n  a r e g u l a r  and
s y s t e m a t i c  f a s h io n .  In  c o n t r a s t  a n o n - r i g i d  o b j e c t  i n  mot ion  would
show un s y s t e m a t i c  changes i n  th e  e x t e r n a l  boundary over  t ime.  Thus 
w i th o u t  r e c o u r s e  to  touch,  the  r i g i d i t y  o f  an o b j e c t  may be 
p e rc e iv e d  d i r e c t l y  from v i s i o n .
The developmenta l  e l a b o r a t i o n  o f  t h i s  v iewpo in t  forms th e
second major  p o s i t i o n  and i s  t h a t  o u t l i n e d  by E . J .  Gibson 
(1969,1978,1979)* Like P ia g e t  she s ee s  th e  developmenta l  cou rse
b e ing  an e x p e r i e n t i a l  one i n  which the  c h i l d  becomes i n c r e a s i n g l y  
a b l e  to  p ick  up and e x t r a c t  from the  s t im u lu s  a r r a y  t h r e e  ty p e s  o f  
in f o r m a t io n  -
(1)  t h a t  which a l low s  him to respond more 
p r e c i s e l y  to  s m a l l e r  g r a d a t i o n s  o f  change 
i n  the  s t im u lu s  a r r a y ,
( 2 ) t h a t  which a l low s  him to d e t e c t  i n v a r i a n t  
r e l a t i o n s h i p s  o r  p a t t e r n s  i n  s t im u lu s  
a r r a y s
( 3 ) t h a t  which a l low s  d e t e c t i o n  o f  p a t t e r n s  o f  
- d i s t i n c t i v e  f e a t u r e s  o f  s t im u lu s  o b j e c t s ,
t h i s  d e t e c t i o n  be ing  d e r ive d  from the  
r e f in e m en t  o f  th e  two p rev io u s  p r o c e s s in g  
c a p a b i l i t i e s ;  d i f f e r e n t i a t i n g  between 
o b j e c t s .
O v e ra l l  th e  p ro c e s s  i s  one o f  d e t e c t i o n  o f  c o n t r a s t s  o r  th e  
r e l a t i o n s h i p s  between f e a t u r e s  r e s u l t i n g  in  bo th  d i s c r i m i n a t i o n
Page 16
between o b je c t s  ( d e t e c t i o n  o f  changes i n  f e a t u r e  r e l a t i o n s h i p s )  
and g e n e r a l i s a t i o n  a c ro s s  o b je c t s  ( d e t e c t i o n  o f  th e  in v a r i a n c e  o f  
f e a t u r e  r e l a t i o n s h i p s ) .  I t  i s  t h i s  l a t t e r  p ro c e s s  t h a t  p la y s  an 
im p o r ta n t  r o l e  i n  in te rm o d a l  i n t e g r a t i o n .
For example, Gibson a rg u es  t h a t  i n  a phenomenon l i k e  shape 
cons tancy ,  i t  i s  th e  cons tancy  o f  th e  o b je c t  t h a t  i s  p r i m i t i v e  and 
t h a t  i t  i s  th e  r e a l i s a t i o n  o f  s i z e  change t h a t  i s  th e  p e r c e p tu a l  
ach ievm ent.  She argues  t h a t  p e r c e p tu a l ly  the  o b je c t  c o n s i s t s  o f  
bund les  o f  d i s t i n c t i v e  f e a t u r e s  a r ran g ed  in  a p a r t i c u l a r  f a s h io n .  
When th e  same o b je c t  i s  ex p e r ien ced  from a p o s i t i o n  where a p p a re n t  
s i z e  has  changed, cons tancy  i s  ach ieved  because  a l th o u g h  th e  v a lu e s  
o f  the  i n d i v id u a l  d i s t i n c t i v e  f e a t u r e s  have changed t h e i r  i d e n t i t y  
has  n o t ,  n o r  has th e  p a t t e r n  o f  r e l a t i o n s h i p s  between them. 
A nalogously , in  m u lti-m oda l s i t u a t i o n s  c e r t a i n  o b je c t s  and e v e n ts  
have amodal d i s t i n c t i v e  f e a t u r e s ,  t h a t  i s  in fo rm a t io n  abou t them 
can be e x t r a c te d  from more than  one m o d a li ty .  Corners  o f  o b j e c t s ,  
a d i s t i n c i t v e  f e a t u r e ,  can be p e rce iv ed  v i s u a l l y  and t a c t u a l l y .  
Gibson a rgues  t h a t  th e  l e a r n in g  o r  a s s o c i a t i o n  o f  f e a t u r e s  a c ro s s  
m o d a l i t i e s  o ccu rs  contem poraneously  w ith  th e  l e a r n in g  o f  t h e i r  
in v a r i a n c e  w i th in  m o d a l i t i e s .  The developm enta l p ro g re s s  c o n s i s t s  
o f  an in c r e a s in g  a b i l i t y  by th e  c h i ld  to  a b s t r a c t  in fo rm a t io n  o f  a 
type  which Gibson terms ' t h e  h ig h e r - o r d e r  s t r u c t u r e ' .  That i s  a t  a 
h ig h e r  l e v e l  than  t h a t  o f  th e  a c t u a l  p h y s ic a l  p a ra m e te rs .  The 
in fo rm a t io n  e x t r a c te d  i s  f o r  r a t e s  o f  change o f  s t i m u l a t i o n ,  
s t im u lu s  g r a d ie n t s  e t c ,  which a l lo w s  complex i n v a r i a n t  
r e l a t i o n s h i p s  about f e a t u r e s  o f  o b je c t s  and e v en ts  to  be r e a l i s e d  
b o th  i n t r a -  and in t e r -m o d a l ly .  Thus th e se  h ig h e r  o rd e r  p r o p e r t i e s
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a re  amodal. From t h i s  s ta n c e  th e  fundam ental q u e s t io n  ahout 
c ro ss -m odal e q u iv a le n c e ,  t r a n s f e r ,  i n t e g r a t i o n  i s  what a r e  th e  
h ig h e r  o rd e r  r e l a t i o n a l  p r o p e r t i e s  o f  o b j e c t s  and how a r e  they  
d e t e c te d  in  th e  s t im u lu s  a r r a y ?  Like P ia g e t ,  Gibson r e j e c t s  any 
form o f  th e  s t r i c t  a s s o c i a t i o n i s t  p o s i t i o n ;  c o n t i g u i t y  i s  a 
n e c e s s a ry  bu t n o t  a s u f f i c i e n t  c o n d i t io n  f o r  i n t e g r a t i o n  in  
r e a l - l i f e  s i t u a t i o n s .  Again l i k e  P ia g e t  i t  i s  to  some e x te n t  an 
e m p i r i c i s t  p o s i t i o n  i n  t h a t  p e r c e p tu a l  development i s  viewed as 
dependent upon p e r c e p tu a l  e x p e r ie n c e .  D i s t i n c t i v e  f e a t u r e s  a r e  
d i f f e r e n t i a t e d  and a r t i c u l a t e d  by s t im u lu s  d i f f e r e n c e s  -  the
v a r i a t i o n  a c ro s s  o b je c t s  to  a l a r g e  e x te n t  d e te rm in e s  our 
d i s c r i m in a t io n  between them.
The ev idence  adduced in  su p p o r t  o f  th e s e  h y p o th eses  by Gibson 
(1969, C hapter 11) l a r g e l y  concerns  th e  d e m o n s tra t io n  o f
c ross -m oda l m atching  and t r a n s f e r  o f  complex s p a t i a l  and tem pora l 
p a t t e r n s  i n  m u l t i -d im e n s io n a l  s t im u lu s  env ironm en ts .  However most 
o f  t h i s  work has  been c a r r i e d  ou t w ith  a d u l t s  o r  young c h i l d r e n .  
More r e c e n t ly ,  Gibson has m odif ied  h e r  th in k in g  in  th e  l i g h t  o f  h e r  
own and o t h e r s '  work which shows some ev idence  f o r  th e  p e r c e p t io n  
o f  h ig h e r - o r d e r  p r o p e r t i e s  o f  o b j e c t s  i n  v e ry  young i n f a n t s .  For
example, th e  constancy  o f  r i g i d i t y  and shape in fo rm a t io n  over  
changes i n  shape and p e r s p e c t iv e  r e s p e c t i v e l y  (Gibson e t . a l .  1978, 
1979 ; Walker e t . a l .  1980). G ib so n 's  i n t i a l  view o f  p e r c e p tu a l  
development was one o f  a f o u r  s ta g e  p ro c e ss  in  which th e  n e o n a te  
p roceeds  from a s t a t e  o f  u n d i f f e r e n t i a t e d  r e s p o n s iv i t y  th ro u g h  to  
s e l e c t i v e  re spond ing  to p a r t i c u l a r  s t im u lu s  d i f f e r e n c e s  and p r e c i s e  
s e l e c t i o n  o f  in fo rm a t io n  from th e  s t im u lu s  flow . The i n f a n t  th e n
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moves to  th e  e x t r a c t i o n  o r  d e t e c t i o n  o f  d i s t i n c t i v e  f e a t u r e s  w i th in  
and a c ro s s  m o d a l i t i e s  to  the  f i n a l  s ta g e  o f  th e  a b s t r a c t i o n  o f  the  
h ig h e r  o rd e r  s t im u lu s  s t r u c t u r e  and th e  r e p r e s e n t a t i o n  o f  amodal 
p r o p e r t i e s .  This new work however su g g e s ts  a t  l e a s t  an 
e n c a p s u la t io n  o f  th e se  s ta g e s  i n  t h a t  i t  ap p ea rs  t h a t  c e r t a i n l y  
w i th in  m o d a l i t i e s ,  i n f a n t s  from f i v e  months a r e  ca p a b le  o f  
r e g i s t e r i n g  a s p e c t s  o f  o b je c t s  t h a t  a r e  a b s t r a c t i o n s  from th e  raw 
s t im u lu s  in fo rm a t io n .  Com plem entarily , o th e r  r e s e a r c h  h as  found 
t h a t  i n f a n t s  a l s o  ap p ea r  to  be a b le  to  p e rc e iv e  shape in te r - m o d a l ly  
( G o t t f r i e d ,  Rose and B r id g e r ,  1977, t h i s  r e s e a rc h  w i l l  be review ed 
in  d e t a i l  i n  a l a t e r  s e c t i o n ) ,  which Gibson a rgues  i s  m ed ia ted  
th rough  t h i s  a b s t r a c t ,  h ig h e r  o rd e r  r e p r e s e n t a t i o n  b e in g  an amodal 
r e p r e s e n t a t i o n .
However th e r e  i s  s t i l l  a m ajor d i f f i c u l t y  w i th  th e  Gibson 
th e o ry ,  in  bo th  the  o ld  and new v e r s io n s .  The n o t io n  o f  a 
h ig h e r - o r d e r  s t im u lu s  s t r u c t u r e  a b s t r a c t e d  from th e  a c t u a l  p h y s i c a l  
p a ra m e te rs ,  a l th o u g h  a p p e a l in g ,  i s  n o t  c l e a r l y  a r t i c u l a t e d .  I t  i s  
n o t  obvious under what c i rc u m s tan c es  an i d e n t i c a l  h ig h e r - o r d e r  
s t r u c t u r e  can be g leaned  from d i f f e r e n t  m o d a l i t i e s  o r  what a s p e c t s  
o f  th e  s t im u lu s  a r r a y  a r e  c r u c i a l  f o r  r e p r e s e n t a t i o n .  The work 
c a r r i e d  ou t on th e  co rrespondence  between th e  t a c t u a l  p r o p e r t i e s  o f  
o b j e c t s  and t h e i r  v i s u a l  p r o p e r t i e s  cove rs  on ly  a l im i t e d  ran g e  o f  
c ro ss -m odal s i t u a t i o n s .
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Bower
The t h i r d  m ajor t h e o r e t i c a l  p o s i t i o n  i s  t h a t  p u t  fo rw ard  by- 
Bower ( I9 7 4 a ,b ,  1978). He ta k e s  as  h i s  s t a r t i n g  p o in t  two axioms -
(1) t h a t  in  th e  a d u l t  organism , th e  senso ry  o rgans  
a r e  s p e c i a l i s e d  to  p ic k  up and an a ly se  p a r t i c u l a r  
bands o f  s t im u la t i o n ,  w i th  no o v e r la p  between 
t h e i r  s p e c i a l i s a t i o n s .
(2 )  t h a t  as  a d u l t s  we l i v e  i n  a p e r c e p tu a l  world 
in  which th e  sen so ry  m o d a l i t i e s  a r e  i n t e g r a t e d  
and c o - o rd in a te d  to more o r  l e s s  p r e c i s e  d e g re e s .
T r a d i t i o n a l l y ,  t h e o r i e s  o f  p e r c e p tu a l  development have a c c e p te d  
o r  assumed th a t  th e  sen so ry  system s s t a r t  from a d i f f e r e n t i a t e d  o r  
s e p a r a t e ly  f u n c t io n in g  e x i s t e n c e  and proceed  to c o - o r d in a t io n  and 
i n t e g r a t i o n .  That i s  t h a t  th e  'p r o p e r  fu n c t io n  o f  th e  s e n s e s  i s  
th e  a n a l y s i s  o f  t h e i r  own s p e c i a l i s e d  bandw id ths ' (Bower, 1974b). 
Bower however ad o p ts  th e  c o n t ra ry  p o s i t i o n ,  p o p u la r ly  termed th e  
'p r i m i t i v e  u n i t y '  h y p o th e s i s .  Here th e  i n t i a l  sen so ry  s t a t e  o f  th e  
young organism i s  seen  to  be one i n  which i t  f u n c t io n s  am odally  (o r  
as  i t  sometimes termed sup ram oda lly ) . The sen so ry  o rg an s  a t  t h i s  
s ta g e  do n o t  respond to l i g h t  o r  sound o r  p r e s s u r e ,  b u t  to  th e  
h ig h e r  o rd e r  p r o p e r t i e s  o f  th e  s t im u lu s  flow , t h a t  i s  to  v a r i a t i o n  
i n  th e  p h y s ic a l  p r o p e r t i e s .  For example, th e  re sp o n se  i s  to  change 
i n  i n t e n s i t y  o r  even r a t e  o f  change o f  i n t e n s i t y  e t c . ,  what b ro a d ly  
sp eak in g  Gibson (1979) would term the  h ig h e r  o rd e r  i n v a r i a n t s  o f  
th e  s t im u lu s  o b j e c t s .  He f u r t h e r  a rg u es  t h a t  th e s e  p r o p e r t i e s  a r e  
i n d i s t i n g u i s h a b l e  a c ro s s  th e  sen so ry  m o d a l i t i e s ,  hence th e y  a r e
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amodal s t im u lu s  a t t r i b u t e s .  The i n n a t e  p e rc e p tu a l  s t r u c t u r e s  t h a t  
the  young organism p o s se s s e s  do n o t  sim ply  p ro c e ss  th e  s p e c i f i c  
n e rv e  e n e rg ie s  o f  each m o d a li ty ,  bu t in s t e a d  r e g i s t e r  s i g n i f i c a n t  
en v iro n m en ta l  e v e n ts .  For example, th e  occu rren ce  o f  e v e n ts  
(change o f  i n t e n s i t y ) ,  l o c a t i o n  and change o f  l o c a t i o n  ( d i f f e r e n c e s  
i n  i n t e n s i t i e s )  and v a r i a t i o n  i n  s i z e  and t e x tu r e  (change o f  
s t i m u l a t i o n ) .  Through i n t e r a c t i n g  w ith  th e  environm ent a t  t h i s  
l e v e l  th e  i n f a n t  i n c r e a s in g ly  comes to  r e l a t e  to  th e  a c t u a l
p h y s ic a l  p r o p e r t i e s  o f  th e  i n d i v id u a l  m o d a l i t i e s ,  th u s  t h e r e  i s  a 
d e c re a se  i n  supramodal p ro c e s s in g .  The i n f a n t  then  p ro g re s s e s  to  a 
s ta g e  o f  independen t sen so ry  f u n c t io n in g  in  th e  t r a d i t i o n a l  s e n se .  
From t h i s  p o in t  th e r e  i s  th e n  a r e i n t e g r a t i o n  and c o o r d in a t io n  o f  
th e  m o d a l i t i e s  towards th e  ' a d u l t '  p e r c e p tu a l  s t a t e .  The 
developm enta l problem then  becomes one o f  f i r s t  e x p la in in g  th e  
i n t i a l  d i f f e r e n t i a t i o n  o f  th e  sen so ry  sysytems and th e n  th e  
in c r e a s in g  s p e c i f i c i t y  o f  p e r c e p tu a l  e v en ts
Bower p roposes  th e se  h y p o th eses  f o r  two re a s o n s .  F i r s t l y  on
t h e o r e t i c a l  and c o n c e p tu a l  grounds based l a r g e l y  on h i s
i n t e r p r e t a t i o n  o f  some f in d in g s  i n  com para tive  b io lo g y  and
e v o lu t io n a ry  th e o ry .  And second ly  on e m p ir ic a l  grounds from h i s  
own and o t h e r s '  r e s e a r c h  on e a r l y  human developm ent. The 
e v o lu t io n a ry  argument i s  t h a t  th e r e  was o r i g i n a l l y  one s i n g l e  
p e r c e p tu a l  system  which most p robab ly  responded to  v a r i a t i o n s  i n  
p r e s s s u r e .  Thus s im ple organism s w ith  t h i s  type o f  s t r u c t u r e  a r e  
c o n s t r a in e d  to p ro c e s s in g  o f  th e  im m ediate ly  im pinging env ironm ent.  
The argument p roceeds  t h a t  e v o l u t i o n a r i l y  th e  n ex t  s t e p  was f o r  
p e r c e p t io n  a t  a d i s t a n c e ,  f o r  example l i g h t  and sound and ch em ica l
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d e t e c t o r s  which a l th o u g h  u s in g  d i f f e r e n t  energy s p e c t r a  were s t i l l  
a n a ly se d  in  th e  same term s as th e  o r i g i n a l  p r e s s u re  d a t a .  That i s  
th e  p r im i t i v e  c e n t r a l  nervous system  used th e  same p e r c e p tu a l  
s t r u c t u r e s  f o r  th e  new d a ta  as  had been evolved f o r  th e  o ld ,  
a n a l y s i s  i n  term s o f  changes, r a t e s  o f  change, time d i f f e r e n c e s  in  
o n s e t  e t c .  The n e x t  movement up th e  e v o lu t io n a ry  c h a in  was changes 
i n  c e n t r a l  nervous system  s t r u c t u r e  imposed p r im a r i ly  th rough  th e  
d i f f e r e n t  growth r a t e s  o f  th e  s p e c i a l i s e d  senso ry  o rg a n s .  Bower 
a rg u es  t h a t  d u r in g  th e  O rgan ism 's  e a r l y  l i f e  th e  s e n so ry  a p p a ra tu s  
grow to  d i f f e r e n t  d eg rees  and a t t a i n  d i f f e r e n t  s i z e s ,  th u s  th e  
' i n v a r i a n t '  in fo rm a t io n  e x t r a c te d  from th e  environm ent i s  no lo n g e r  
i n v a r i a n t  a c ro s s  th e  d i f f e r e n t  m o d a l i t i e s .  For example, c o n s id e r  
th e  in fo rm a t io n  about s p a t i a l  l o c a t i o n  o f  a s m e l l in g ,  sounding  
o b je c t  a v a i l a b l e  to  a growing organism  having  two e a r s  and two
n o s t r i l s .  At time 1 i n  th e  o rg a n is m 's  development th e  o b j e c t  can
be lo c a te d  by th e  time d i f f e r e n c e  i n  a r r i v a l  o f  th e  sound to  each  
e a r  and th e  sm e l l  to  each n o s t r i l .  The sim ple tim e d i f f e r e n c e  in  
e i t h e r  case  would a l low  l o c a l i s a t i o n  o f  th e  o b j e c t .  I f  one assumes 
an i n b u i l t  c a l i b r a t i o n  mechanism a t  t h i s  p o i n t , o f  th e  two tim e
d i f f e r e n c e s  ta k in g  in t o  accoun t th e  r e l a t i v e  d i f f e r e n c e  i n  th e
s p a t i a l  s e p a r a t io n  o f  th e  two e a r s  and th e  two n o s t r i l s ,  t h i s  would 
a l low  lo c a t i o n  to  be a v a i l a b l e  supram odally .  However a s  th e  
organism  grows, th e  r e l a t i v e  s e p a r a t i o n  o f  th e  n o s t r i l s  and e a r s  
w i l l  n o t  i n  g e n e ra l  rem ain  c o n s ta n t  th u s  th e  c a l i b r a t i o n  mechanism 
f o r  e q u a l i s a t i o n  o f  th e  time d i f f e r e n c e s ,  to  p re s e rv e  supram odal 
p e r c e p t io n ,  would r e q u i r e  c o n s ta n t  m o d i f ic a t io n .  This  Bower 
(1974b) s u g g e s ts  i s  an over complex p ro c e ss  -  e v o l u t i o n ' s  answer 
was to  s e p a r a t e  th e  sen so ry  and p e r c e p tu a l  s t r u c t u r e s  and i s o l a t e
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th e  m o d a l i t i e s  a l lo w in g  each to  develop  t h e i r  own independen t
p ro c e s s in g  s t r a t e g i e s  -  p e r c e p tu a l  d i f f e r e n t i a t i o n .
The ev idence  produced by Bower i n  su p p o r t  o f  t h i s  t h e s i s  i s  
p r im a r i ly  b i o l o g i c a l ,  th e  fu n c t io n in g  o f  s im ple u n i c e l l u l a r  
organ ism s, th e  ' e y e s '  found in  c e r t a i n  am phibians and cepha lopods 
which a r e  l i t t l e  more than  p h o to r e c e p to r s ,  and n e u ro p h y s io lo g ic a l  
u n i t s  which respond to  s p a t i a l  l o c a t i o n  r e g a r d l e s s  o f  in p u t
m o d a li ty  (s e e  1974b and 1978 f o r  f u l l e r  d e t a i l s  o f  th e  b i o l o g i c a l  
e v id e n c e ) .  Although a s i m i l a r  view o f  e v o lu t io n a ry  development 
(Gregory, 1967) w ith  re g a rd  to  th e  d i f f e r e n t i a t i o n  o f  th e  eye and 
b r a i n  has  been proposed , th e r e  i s  n o th in g  in  th e  t h e s i s  to  su g g e s t  
t h a t  i t  has any b e a r in g  on th e  e a r l y  p e r c e p tu a l  development o f  any 
p a r t i c u l a r  s p e c ie s  f a r  l e s s  be d i r e c t l y  r e l e v a n t  to  human
p e r c e p tu a l  developm ent. The t h e s i s  i s  a p h y lo g e n e t ic  one. The 
rea so n  Bower re g a rd s  th e  h y p o th e s i s  and ev idence  as  im p o r ta n t  i s  
because  he s u p p o r ts  th e  'on togeny  r e c a p i t u a l a t e s  phy logeny ' 
argument which was mentioned e a r l i e r .  He se e s  th e  h y p o th e s i s e d  
supramodal fu n c t io n in g  in  in fa n c y  as  b e in g  an e v o lu t io n a ry  leg acy  
t h a t  has  n o t  dropped o u t .  He a l s o  s u g g e s ts  an a d d i t i o n a l  
f u n c t i o n a l  e x p la n a t io n  i n  t h a t  supramodal p ro c e s s in g  a l lo w s  f o r  th e  
p o s s i b i l t y  o f  f l e x i b l e  s t r a t e g i e s  in  th e  co n n ec t io n  o f  th e  n e u r a l  
pathways, in  p a r t i c u l a r  re c o n n e c t io n  in  th e  even t o f  damage o r  i n  
re sp o n se  to  some o th e r  env ironm en ta l  demand (Bower, 1978).
The developm enta l ev idence Bower c i t e s  i s  b a s i c a l l y  o f  two 
s o r t s .  F i r s t l y ,  t h e r e  a r e  a s e t  o f  experim en ts  in v o lv in g  
o b s e rv a t io n  o f  normal b ehav iou r  which Bower c la im s  to  be i n d i c a t i v e
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of expec tancy  o f  in fo rm a t io n  i n  one m o d a li ty  consequen t upon 
p r e s e n t a t i o n  o f  in fo rm a t io n  in  a n o th e r  m o d a li ty .  S tu d ie s  o f  t h i s  
s o r t  in c lu d e  -
l ( a )  a u d i to ry  l o c a l i s a t i o n  (W ertheim er, 1961),
where o r i e n t a t i o n  o f  th e  eyes o f  a n eo n a te  tow ards 
l a t e r a l l y  p re se n te d  sounds i s  deemed to  i n d i c a t e  
c o - o r d in a te  a u d i t o r y - v i s u a l  p ro c e s s in g ,
( a u d i t o r y - v i s u a l ) ,
(b) r e a c h in g  by young i n f a n t s  f o r  sound making 
o b je c t s  i n  th e  dark  (W ishart ,  Bower and 
Dunkeld, 1978),
( a u d i t o r y - t a c t u a l ) ,
(c )  i n f a n t  d e fe n s iv e  r e a c t i o n s  to  v i s u a l l y  
approach ing  o b je c t s  (Bower, Broughton and 
Moore, 1970a),
( v i s u a l - t a c t u a l ) ,
(d) im i t a t i o n  o f  f a c i a l  g e s tu r e s  by young 
i n f a n t s  (M e ltz o f f  and Moore, 1977), 
( v i s u a l - k i n a e s t h e t i c ) .
In  a l l  o f  th e s e  s t u d i e s  th e  b eh av io u r  observed  i s  t h a t  
a p p r o p r ia t e  to  in fo rm a t io n  about th e  second m o d a li ty  b u t  d e r iv e d  
from in fo rm a t io n  p re s e n te d  v ia  th e  f i r s t .  The i n f a n t  ' e x p e c t s '  
c e r t a i n  consequences i n  th e  second m o d a li ty .  The second type  o f  
experim ent f u r t h e r  c a p i t a l i s e s  on t h i s  'e x p e c ta n c y '  by in t r o d u c in g  
a d e l i b e r a t e  d is c re p a n c y  between th e  normal o c c u r re n c e s  o f  th e  
m o d a l i t i e s .  For example -
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I l ( a )  when i n f a n t s  a re  p re s e n te d  w i th  ' v i r t u a l '
o b j e c t s ,  produced u s in g  p o la r i s e d  l i g h t ,  they  
a r e  r e p o r te d  to  become d i s t r e s s e d  when they  
a t te m p t  to  make c o n ta c t  w ith  th e  ' o b j e c t '  
t a c t u a l l y  (Bower, Broughton and Moore, 1970b), 
( v i s u a l - t a c t u a l ) ,
(b) . s i m i l a r l y  when an i n f a n t  i s  p re s e n te d  w ith  
th e  fa c e  and v o ic e  o f  h i s  mother and th e s e  
a r e  d is p la c e d  in  space t h i s  a l s o  produces 
d i s t r e s s  (Aronson and Rosenblum, 1971),
( a u d i t o r y - v i s u a l ) .
In  th e  f i r s t  case  i t  i s  argued t h a t  i t  i s  th e  la c k  o f  t a c t u a l  
q u a l i t i e s  when th e s e  were expec ted  t h a t  produces th e  d i s t r e s s ,  i n  
th e  second i t  i s  th e  d is c re p a n c y  between the  two s e t s  o f  
in fo rm a t io n  w ith  re g a rd  to  l o c a t i o n  t h a t  i s  c r u c i a l .
This ev idence  a l th o u g h  b e a r in g  more d i r e c t l y  on th e  'p r i m i t i v e  
u n i t y '  h y p o th e s i s  th an  th e  e v o lu t io n a ry  argum ents p r e s e n te d  
p r e v io u s ly ,  does have l i m i t a t i o n s .  On m e th o d o lo g ica l  g rounds ,  th e  
d a ta b a s e  has  n o t  proved as ro b u s t  a s  Bower would have us  b e l i e v e .  
This p o in t  w i l l  be expanded l a t e r  when th e  e x p e r im e n ta l  ev id en ce  i s  
reviewed in  g r e a t e r  d e t a i l .  However, even i f  th e  above r e s u l t s  
were r e p l i c a b l e  i t  i s  s t i l l  n o t  e n t i r e l y  c l e a r  as  to  w he the r  o r  n o t  
they  would su p p o r t  Bower's th e o ry .  The d i f f i c u l t i e s  r e v o lv e  around 
two q u e s t io n s .  I f  one a c c e p ts  t h a t  the  young i n f a n t  u n dergoes  a 
p e r io d  o f  supramodal p ro c e s s in g  th en  -
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(1) why i s  'd i s c r e p a n c y '  and th e r e f o r e  d i s t r e s s  n o t  
more e v id e n t  than  i s  a p p a re n t ly  the  case?  
o r  (2) why does d i s t r e s s  o r  d isc re p a n c y  occu r  a t  a l l ?
With re g a rd  to th e  f i r s t  q u e s t io n ,  i f  as Bower says  th e  i n f a n t  
l i v e s  i n  a supramodal world i n  which a l l  th e  s e n s e s  a c t  i n  a 
u n i t a r y  f a s h io n  and second ly  t h a t  i f  o n e 's  senso ry  e x p e c ta n c ie s  
produce d i s t r e s s  when u n f u l f i l l e d  ( e .g .  the  v i r t u a l  o b j e c t  
experim ent 1 1 (a ) )  why i s  i t  t h a t  th e r e  was no ev idence  o f  d i s t r e s s  
i n  th e  s t u d i e s  l a b e l l e d  l ( a ) , ( b )  and ( c )?  In  th e  l o c a l i s a t i o n  
s tu d y  th e re  was no o l f a c t o r y  in fo rm a t io n ,  d u r in g  re a c h in g  in  th e  
dark  th e r e  was no v i s u a l  o r  o l f a c t o r y  in fo rm a t io n  and i n  th e  
d e fe n s iv e  s t u d i e s  th e r e  was no a u d i to r y  o r  o l f a c t o r y  in fo rm a t io n .  
In  f a c t  one can en v isag e  a whole h o s t  o f  e v en ts  o r  o b j e c t s  t h a t  
i n f a n t s  p e rc e iv e  i n  on ly  a l im i t e d  range  o f  m o d a l i t i e s .  Why a r e  
they  n o t  c o n t in u a l ly  in  ' d i s t r e s s ' ?  Perhaps what i s  r e q u i r e d  i s  an 
e l a b o r a t i o n  o f  the  th e o ry  r e s t r i c t i n g  th e  u n i ty  o f  th e  s e n s e s  to  
p a r t i c u l a r  p a i r i n g s  o f  m o d a l i t i e s  under p a r t i c u l a r  c i rc u m s ta n c e s .
The second q u e s t io n  re v o lv e s  round th e  n o t io n  o f  th e  
i n d i s t i n g u i s h a b l e  n a tu re  o f  th e  supramodal in fo rm a t io n  r e g a r d l e s s  
o f  sen so ry  channe l.  I f  t h i s  i s  th e  c a se ,  how i s  any d is c re p a n c y  
e v e r  produced? Why does th e  i n f a n t  n o t  sim ply  re g a rd  th e  d i s p la c e d  
fa c e  and v o ic e  as  two s e p a r a t e  e v e n ts ,  r a t h e r  than  a d i s c o r d a n t  
s i n g l e  even t?  One might a rgue t h a t  i n  th e  case  o f  th e  i n f a n t ' s  
m other, th e  c h i ld  has le a rn e d  t h a t ,  t h a t  p a r t i c u l a r  f a c e  and v o ic e  
a r e  c o lo c a te d  in  th e  one o b je c t .  However t h a t  p re supposes  s e n s o ry  
d i f f e r e n t i a t i o n  in  th e  f i r s t  in s ta n c e  and does n o t  cover s i t u a t i o n s
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where th e  fa c e  and v o ic e  were th o se  o f  a s t r a n g e r  (Aronson and 
Rosenblum, 1971)• Also as  re g a rd s  th e  ' v i r t u a l '  o b j e c t  c a s e ,  i f  
th e  i n f a n t  d e r iv e s  th e  same o r  concordan t in fo rm a t io n  from touch 
and v i s io n  how does he know t h a t  th e  in fo rm a t io n  he p e r c e iv e s  o r  i s  
p ro c e s s in g  r e s u l t s  from e i t h e r  one o r  two m o d a l i t i e s ?  For example, 
how does he know he i s  n o t  a l r e a d y  ' to u c h in g '  the  o b j e c t  i f  th e r e  
i s  no s e p a r a t e  sen so ry  d i f f e r e n t i a t i o n ?  These a r e  d i f f i c u l t i e s  
w i th  Bower's th e o ry  which he does n o t  r e a l l y  c o n f ro n t  d e s p i t e  th e  
number o f  s e p a r a t e  s ta te m e n ts  o f  h i s  p o s i t i o n  (Bower, 1974a,b; 
1977; 1978; 1979).
In  summary th en ,  n e i t h e r  P ia g e t  o r  Gibson p ro v id e  a c c o u n ts  o f  
development w e l l  a r t i c u l a t e d  enough to  a d e q u a te ly  encompass th e  
e x p e r im e n ta l  phenomena and e x p la in  th e  cou rse  o f  c ro ss -m o d a l 
i n t e g r a t i o n ,  and Bower's th e o ry  has  i n t e r n a l  i n c o n s i s t e n c i e s  in  
a d d i t i o n  to  problems in  ac c o u n tin g  f o r  a l l  th e  r e l e v a n t  d a t a .  The 
n e x t  s e c t i o n  w i l l  in t ro d u c e  c ro ss -m odal d a ta  n o t  s p e c i f i c a l l y  
r e l a t e d  to  p a r t i c u l a r  t h e o r e t i c a l  p o s i t i o n s  o r  w ith  a deve lopm en ta l 
b i a s ,  to p ro v id e  a g e n e ra l  framework f o r  th e  problems t h a t  have to  
be c o n s id e re d  in  any th e o ry  o f  in te r -m o d a l  f u n c t io n in g .
Page 27
Cross-m odal P ro cess in g
U n t i l  the  m iddle and l a t e  1970 's  r e s e a r c h  on th e  r e l a t i o n s h i p  
between m o d a l i t i e s  was based l a r g e ly  on th e  paradigm s and 
t r a d i t i o n s  d e r iv e d  from the  in fo rm a t io n  p ro c e s s in g  v ie w p o in ts  o f  
e x p e r im e n ta l  psychology c u r r e n t  a t  t h a t  tim e. Much o f  th e  work was 
c a r r i e d  o u t  on a d u l t s  and o ld e r  c h i ld r e n  and f e l l  in t o  two broad 
c a t e g o r i e s .  F i r s t l y  th e r e  was th e  body o f  r e s e a rc h  concerned w ith  
th e  t r a n s l a t i o n  o r  t r a n s m is s io n  o f  in fo rm a t io n  between and a c ro s s  
m o d a l i t i e s  and secondly  the  f a c i l i t a t i n g  o r  i n t e r f e r e n c e  e f f e c t s  o f  
m u lti-m oda l s t im u la t io n .  These a r e a s  w i l l  be b r i e f l y  reviewed h e re  
s in c e  i t  i s  i m p l i c i t  i n  t h e o r i e s  o f  p e r c e p tu a l  development t h a t  th e  
a d u l t  c o n d i t io n  i s  th e  one t h a t  the  d eve lop ing  i n f a n t  and c h i ld  i s  
working h i s  way tow ards . Fu rtherm ore ,  th e  models d e r iv e d  from 
th e se  a re a s  w i l l  prove u s e f u l  in  in fo rm ing  th e  d i s c u s s io n  o f  and 
p ro v id in g  a frame o f  r e f e r e n c e  f o r  th e  work w ith  i n f a n t s  and young 
c h i ld r e n  which w i l l  be co n s id e re d  in  subsequen t c h a p te r s .
Cross-m odal T ransm ission
This a r e a  which i s  concerned w ith  th e  n a tu re  o f  th e  in fo rm a t io n  
r e p re s e n te d  in  d i f f e r e n t  m o d a l i t i e s  can be broken down i n t o  a 
f u r t h e r  s u b - d iv i s io n  -  (a )  cross-m odal m atching and (b) c ro ss -m o d a l 
t r a n s f e r .
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(a )  c ross-m odal m atching : -
grew out o f  th e  s t u d i e s  by S .S . S tevens and o th e r s  in  th e  
e a r l y  1960 's  on measurement and s c a l i n g  o f  sen so ry  ex p e r ie n c e  (see  
S tev e n s ,  1975 f o r  a review  o f  t h a t  r e s e a r c h ) .  I n t i a l l y  they  worked 
s o l e l y  w ith  s in g l e  senso ry  system s i n v e s t i g a t i n g  the  c o n s is te n c y  
w ith  which s u b je c t s  could  a s s ig n  num erica l  v a lu e s  to  th e  v a r i a t i o n  
i n  i n t e n s i t y  o f  s en so ry  e x p e r ie n c e ,  g iven  a s ta n d a rd  s t im u lu s  and a 
te s .t  s t im u lu s ;  r e l a t i n g  the  r e s u l t a n t  s c a l e s  to  th e  p h y s ic a l  
p r o p e r t i e s  o f  th e  range o f  s t im u l i  p re s e n te d  f o r  m atch ing . I t  soon 
became a p p a re n t  t h a t  i f  one could  g e t  s u b je c t s  to  do t h i s  
c o n s i s t e n t l y  and a s s ig n  numbers to  t h e i r  senso ry  e x p e r ie n c e s  o f  
i n t e n s i t y  w i th in  each m o d a l i ty ,  then  th e  n ex t  q u e s t io n  was w hether  
one could use  th e se  s c a l e s  f o r  i n d i v id u a l  sen ses  to  p r e d i c t  
s u b j e c t ' s  d i r e c t  com parisons between d i f f e r e n t  sense  m o d a l i t i e s .  
Again t h i s  proved s u c c e s s f u l ,  c e r t a i n l y  w ith  a d u l t s  f o r  a wide 
v a r i e t y  o f  s e n s a t io n s  (S te v e n s ,  1975) and a l s o  w ith  f i v e  y e a r  o ld  
c h i ld r e n  f o r  l i g h t  and sound (Bond and S tev en s ,  1969)* However, 
th e  i s s u e s  t h a t  were su b se q u e n tly  taken  up from t h i s  p a r t i c u l a r  
paradigm were only t a n g e n t i a l l y  r e l a t e d  to  an u n d e rs ta n d in g  o f  th e  
p ro c e s se s  u n d e r ly in g  t h i s  t r a n s l a t i o n  between th e  m o d a l i t i e s .  For 
example S tevens  h im se lf  responded to  th e  c r i t i c i s m  th a t  th e  n a tu r e  
o f  th e  c ross-m odal p ro cess  was sim ply one in  which the  s u b j e c t  maps 
h i s  senso ry  ex p e r ien ce  in  each m o d a li ty  onto h i s  number s c a l e  and 
then  compares th e  d e r iv e d  numbers. He r e j e c t e d  t h i s  e x p la n a t io n  on 
th e  grounds t h a t  i t  im p l ie s  t h a t  one r e q u i r e s  e x te n s iv e  p r i o r  
e x p e r ien ce  o f  th e  senso ry  in fo rm a t io n  in  r e l a t i o n  to  th e  number 
s c a l e .  His b a s i s  f o r  r e j e c t i o n  was t h a t  in  th e  s tu d y  w ith  th e  f i v e
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y e a r  o ld  c h i ld r e n  they  performed l a r g e l y  th e  same as  a d u l t  
s u b je c t s ,  a l th o u g h  w ith  f a r  l e s s  o f  th e  p u t a t i v e  r e q u i r e d
e x p e r ie n c e .  Secondly , even when u s in g  sen so ry  co n t in u a  t h a t  a r e
u n f a m i l i a r  to  most p e o p le ,  f o r  example, i n t e n s i t y  o f  e l e c t r i c  
shock, one s t i l l  f in d s  a c o n s i s t e n t  r e l a t i o n s h i p  between m atching  
w ith  o th e r  m o d a l i t i e s  and th e  p r e d ic te d  r e l a t i o n s h i p  d e r iv e d  from 
independen t s c a l i n g .  However, t h a t  was e s s e n t i a l l y  a l l  t h a t  he 
proposed on th e  n a tu r e  o f  th e  t r a n s l a t i o n  p ro c e s s ,  t h a t  i s  to  t e l l  
us what i t  i s  p robaba ly  n o t .  Again in  r e l a t i o n  to  th e  experim en t 
w ith  c h i ld r e n  and b r ig h tn e s s  and loudness  m atching he says  
A perform ance o f  t h a t  s o r t  seems hard  to
a t t r i b u t e  to  p r i o r  l e a r n in g  o r  to  an a b i l i t y
to  t r a n s l a t e  sen so ry  im p ress io n s  in t o  n um erica l 
r e l a t i o n s .  A more p l a u s i b l e  th e o ry  su g g e s ts  
t h a t  th e  s t r e n g t h  o f  our sen so ry  im p ress io n s  
depends on th e  t r a n s d u c e r  p r o p e r t i e s  o f  th e  
sense  o rgans and t h a t  th e  eyes and e a r s  o f  
c h i ld r e n  perform  l i k e  th o se  o f  a d u l t s . '
S tevens (1975, p . 122)
Note, however, t h a t  th e  t a s k s  used a r e  a p a r t i c u l a r  type  o f  
c ro ss -m odal t a s k ;  th e  s u b je c t  i s  m atching the  i n t e n s i t i e s  o f  two 
d i f f e r e n t  s t im u l i  i n  two s e p a r a t e  m o d a l i t i e s .  I t  i s  n o t  a t  a l l  
c l e a r  t h a t  th e  n a tu re  o f  the  in te r -m o d a l  r e l a t i o n s h i p  i s  th e  same 
in  t h i s  type  o f  ta sk  as  i t  i s  in  s i t u a t i o n s  where th e  s u b je c t  has  
to  re c o g n ise  th e  i d e n t i t y  o f  an o b je c t  p re s e n te d  over  two d i f f e r e n t  
m o d a l i t i e s .  In  t h i s  l a t t e r  ta s k  th e  s u b je c t  , from the  two s tream s  
o f  p o t e n t i a l  in fo rm a t io n  re c o g n is e s  a s i n g l e  o b je c t  o r
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a l t e r n a t i v e l y  from one s i n g l e  s tream  from a p a r t i c u l a r  m o d a l i ty  can 
re c o g n ise  w hether a second s tream  in  a d i f f e r e n t  m o d a li ty  emanates 
from th e  same o r  s i m i l a r  o b je c t  o r  so u rc e .  This second type o f  
ta s k ,  which i s  s t i l l  a m atching ta s k ,  has been e x te n s iv e ly  s tu d ie d ,  
b u t  m ainly  r e s t r i c t e d  to  i n v e s t i g a t i o n s  between v i s i o n ,  touch , 
k i n a e s t h e s i s  and a u d i t io n .
Two to p ic s  have dominated (1 )  th e  n a tu re  o f  age r e l a t e d  changes 
i n  c ross-m odal m atching and (2 )  th e  n a tu r e  o f  th e  t r a n s l a t i o n  
p ro c e ss  between th e  m o d a l i t i e s .  B irch  and L effo rd  (1963, 1967) 
argue t h a t  th e  in c r e a s in g  accuracy  o f  c ross-m odal m atching  o f  
shapes  w ith  age (u s in g  v i s u a l ,  h a p t i c  and k i n a e s t h e t i c  in fo rm a t io n )  
i s  due to  an in c r e a s in g  a b i l i t y  to  c o o rd in a te  th e  in fo rm a t io n  from 
th e  s e p a r a t e  s e n s e s .  However, in  an i l lu m i n a t i n g  c r i t i q u e  Bryant
(1968). argued th a t  the  r e s u l t s  to  d a te  ( in c lu d in g  th o se  o f  B irch
and L e ffo rd )  could e q u a l ly  w e ll  be accommodated by assuming t h a t  
th e  in c r e a s in g  c ross-m odal accu racy  was th e  r e s u l t  o f  an i n c r e a s in g  
a b i l i t y  by th e  s u b j e c t s  to  d i s c r im in a t e  th e  s t im u l i  w i th in  one o r  
bo th  o f  th e  m o d a l i t i e s  u sed ; t h a t  i s  a com ple te ly  w i th in  m o d a l i ty  
e f f e c t .  (Compare t h i s  v iew po in t w ith  th e  G ibsonian one o u t l in e d  
e a r l i e r  where i t  was sugges ted  t h a t  i t  i s  th e  a b i l i t y  to  e x t r a c t  
h ig h e r - o r d e r  s t im u lu s  a t t r i b u t e s  t h a t  le a d s  to  in c r e a s in g  sen so ry  
i n t e g r a t i o n  -  a n o th e r  l a r g e ly  w i th in  m o d a li ty  e x p l a n a t i o n . )  
Although experim en ts  which have in c lu d ed  the  a p p r o p r ia te  
in t ra -m o d a l  c o n t r o l s  have undermined the  B irch  and L effo rd  p o s i t i o n
(M ilne r  and B ryan t,  1970) n e i t h e r  i s  i t  accep ted  t h a t  a w i th in
m o d a li ty  e x p la n a t io n  i s  e n t i r e l y  adequa te  ( M i l l e r ,  1975)* The same 
c o n c lu s io n s  app ly  to  v i s u a l - a u d i t o r y  m atching o f  s t im u lu s  p a t t e r n s
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( Kuhlman and Wolking, 1972; Gould, 1979; Goodnow, 1971).
/
There have been e s s e n t i a l l y  two models o f  th e  t r a n s l a t i o n  
p ro c e s s .  Connolly and Jones (1970) and Jones and Connolly (1970) 
proposed t h a t  th e  t r a n s l a t i o n  between th e  m o d a l i t i e s  o ccu rs  b e fo re  
th e  in p u t  in fo rm a t io n  i s  s to r e d  in  s h o r t - te r m  memory, a l th o u g h  th e  
i n t e g r a t i v e  mechanism i s  dependent upon in fo rm a t io n  r e s id i n g  in  a 
lo n g - te rm  s t o r e .  They p o s tu la te d  t h i s  model p r im a r i ly  because  they  
found t h a t  i n  a v i s u a l - c i n a e s t h e t i c  m atching ta sk  in v o lv in g  
s t r a i g h t  l i n e s ,  th e re  was an asymmetric m atching r e l a t i o n s h i p ;  
k i n a e s t h e t i c  to  v i s u a l  m atching b e in g  more a c c u ra te  th an  v i s u a l  to  
k i n a e s t h e t i c  t r a n s l a t i o n .  S ince  v i s u a l  s to r a g e  i s  more e f f i c i e n t  
than  k i n a e s t h e t i c  (P osner ,  1967) they  proposed t h a t  th e  t r a n s l a t i o n  
must tak e  p la c e  e a r l y  in  p ro c e s s in g ,  b e fo re  s h o r t - te rm  s to r a g e  to  
accoun t f o r  t h i s  asymmetry. However, an e x p la n a t io n  o f  t h i s  s o r t  
i s  dependent on th e  s u b je c t  knowing th e  r e p ro d u c t io n  m o d a li ty  o f  
th e  in fo rm a t io n .  The s u b j e c t  has no reaso n  to  t r a n s l a t e  th e  
in fo rm a t io n  from v i s u a l  to  k i n a e s t h e t i c  o r  k i n a e s t h e t i c  to  v i s u a l  
u n t i l  he knows t h a t  he has to  respond in  th e  second m o d a l i ty .  
D i r e c t  m a n ip u la t io n  o f  th e  tim e a t  which th e  s u b j e c t  i s  inform ed o f  
th e  r e p ro d u c t io n  m oda li ty  does n o t  produce a d e c re a se  in  
perform ance accuracy  which th e  Connolly and Jones model would 
p r e d i c t  (Newell, S hap iro  and C a r l to n ,  1979)- F u rtherm ore  
in t ro d u c in g  an i n t e r p o l a t e d  ta sk  des igned  to  a f f e c t  in fo rm a t io n  
p ro c e s s in g  and s to r a g e  o f  th e  o u tp u t  m o d a l i ty ,  a l s o  does n o t  r e s u l t  
i n  a d e c re a se  i n  accu racy  (Marcel and A lle n ,  1978). T h i rd ly  , th e  
observed asymmetry i n  p ro c e s s in g  i s  n o t  ro b u s t  under v a r io u s  
p r e s e n ta t i o n  c o n d i t io n s  ( M i l l e r ,  1972; Newell e t . a l .  1979).
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The second model, proposed by P ick (1970, 1974) h y p o th e s i s e s
t h a t  th e  incoming in fo rm a t io n  i s  s to r e d  in  th e  m od a li ty  system  b e s t  
s p e c i a l i s e d  f o r  coding  t h a t  p a r t i c u l a r  type o f  in fo rm a t io n .  For 
example, in fo rm a t io n  abou t lo c a t io n  w hether p re s e n te d
k i n a e s t h e t i c a l l y  o r  a u d i t o r a l l y  i s  always coded and s to r e d  in  a 
v i s u a l  form ( th e  ' b e s t '  s p a t i a l  s e n s e ) .  Evidence f o r  t h i s
v iew po in t comes from s tu d ie s  where s u b je c t s  ta k e  lo n g e r  to  judge 
th e  l o c a t i o n  o f  an o b je c t  from a u d i to ry  in fo rm a t io n  th an  th ey  do 
when v i s u a l  in fo rm a t io n  i s  a v a i l a b l e ,  th e  i n t e r p r e t a t i o n  b e ing  th a t  
they  engage in  reco d in g  the  a u d i to ry  in fo rm a t io n  i n t o  a v i s u a l  form 
to make the  l o c a t io n  judgement (Simpson, 1973)* In  a more 
s u b s t a n t i a l  review  o f  th e  l i t e r a t u r e  O'Connor and Hermelin (1978) 
come to  a s i m i l a r  s o r t  o f  c o n c lu s io n .  I n t e r e s t i n g l y ,  t h e i r
c o n c lu s io n s  a r e  based n o t  sim ply  on normal a d u l t s  and c h i l d r e n ,  bu t 
a l s o  on t h e i r  own r e s e a rc h  i n  which they  compared s u b je c t s  w ith  
e i t h e r  senso ry  o r  c o g n i t iv e  im pairm ents .
(b) c ross-m odal t r a n s f e r  : -
th e s e  s t u d i e s  a r e  more a s u b - s e t  o f  th e  m atching experim en ts  
r a t h e r  than  a d i s t i n c t  r e s e a rc h  a r e a .  I t  c o n s i s t s  o f  a t te m p ts  to  
d ev ise  and en a c t  m atching p ro ced u res  w ith  n o n -v e rb a l  r a t h e r  th an  
v e r b a l  s u b j e c t s .  The e s s e n t i a l  d i f f e r e n c e  between th e  m atching  and 
t r a n s f e r  problems i s  t h a t  i n  th e  t r a n s f e r  s i t u a t i o n ,  a re sp o n se  has  
e i t h e r  to  be t r a in e d  o r  c a r e f u l l y  s e t  up by the  p r e s e n t a t i o n  
c o n d i t io n s  to dem onstra te  th e  n a tu r e  o f  th e  c ro ss -m o d a l 
r e l a t i o n s h i p  r a t h e r  than  in  m erely a sk in g  the  s u b je c t  w he ther  th e  
two so u rces  o f  in fo rm a t io n  a r e  th e  same o r  d i f f e r e n t  a s  i s  commonly
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done in  th e  c l a s s i c a l  m atching ta s k .  A lthough some c ross -m odal 
t r a n s f e r  ( t a c t u a l  to  v i s u a l )  has been dem onstra ted  in  an im als  
(D avenport and Rogers, 1970; D avenport,  Rogers and R u s s e l l ,  1973)> 
thus  d i s p o s in g  o f  any language m ediated  h y p o th e s is  o f  in te r -m o d a l  
p ro c e s s in g ,  th e  p r e s e n t  d i s c u s s io n  w i l l  c o n f in e  i t s e l f  to  
experim en ts  done w ith  human s u b j e c t s .  T y p ica l  o f  th e se  s t u d i e s  was 
t h a t  c a r r i e d  o u t  by B ryan t,  Jones , C lax ton  and P erk in s  (1972) where 
e ig h t  month o ld  i n f a n t s  were exposed e i t h e r  t a c t u a l l y  o r  v i s u a l l y  
to  a sound making o b je c t .  When, t h a t  o b je c t  and a n o th e r  were 
s u b se q u en tly  p laced  in  th e  i n f a n t ' s  view, they  c o n s i s t e n t l y  reached  
f o r  th e  ' f a m i l i a r '  o b je c t ,  t h a t  i s  th e  one they  had i n i t i a l l y  
e i t h e r  seen  o r  f e l t  and had a l s o  h ea rd .  Thus showing b o th  
in te r -m o d a l  ( t a c t u a l  to  v i s u a l )  and in t r a -m o d e l  ( v i s u a l  to  v i s u a l )  
t r a n s f e r .  These r e s u l t s ,  however, on ly  h e ld  f o r  one o f  th e  two 
p a i r s  o f  o b je c t s  u sed . The second s e t  a l th o u g h  showing v i s u a l  
in t ra -m o d a l  t r a n s f e r  d id  n o t  show t a c t u a l  to v i s u a l  t r a n s f e r .  Note 
t h a t  w ith  t h i s  paradigm i t  was on ly  p o s s ib le  to  t e s t  th e  t r a n s f e r  
i n  one d i r e c t i o n .
Two o th e r  s t u d i e s  have sup p o r ted  the  id e a  o f  c ro ss -m o d a l 
t r a n s f e r  i n  young i n f a n t s .  G o t t f r i e d ,  Rose and B r id g e r  (1977) 
ag a in  u s in g  th e  oneway paradigm f a m i l i a r i s e d  tw elve month o ld  
i n f a n t s  e i t h e r  v i s u a l l y ,  t a c t u a l l y  o r  o r a l l y  to  a p a r t i c u l a r  o b j e c t  
and su b se q u en tly  t e s t e d  p r e fe re n c e  f o r  t h a t  o b je c t  o r  a nove l 
s t im u lu s .  T h e ir  r e s u l t s  showed ev idence  f o r  t r a n s f e r  i n  b o th  th e  
t a c t u a l  to  v i s u a l  and o r a l  to  v i s u a l  com bina tions .  I n t e r e s t i n g l y  
they  found t h a t  d u r ing  th e  t e s t  p e r io d ,  i n f a n t s  looked lo n g e r  and 
reached  more f o r  th e  novel s t im u lu s  o f  th e  p a i r  r a t h e r  th an  th e
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f a m i l i a r  s t im u lu s  which was what Bryant e t . a l .  (1972) had found. 
However, i n  a d d i t i o n  to  th e  age d i f f e r e n c e s  between th e  s u b j e c t s  
used in  th e  two s tu d ie s  t h e r e  were a l s o  p ro c e d u ra l  d i f f e r e n c e s .  In  
th e  B ryan t e t . a l .  (1972) experim ent they  had t h e i r  o b j e c t s  produce 
sounds d u r in g  th e  f i r s t  p r e s e n t a t i o n .  The i n f a n t  b o th  saw and 
heard  the  o b je c t  o r  touched and heard  the  o b je c t .  Thus th e  i n f a n t s  
may have op ted  towards th e  f a m i l i a r  s t im u lu s  d u r in g  th e  t e s t  
p r e s e n t a t i o n s  because  o f  th e  o b j e c t ' s  sound producing  q u a l i t i e s .  
This i f  t r u e ,  does n o t  d e c re a se  th e  im portance o f  t h e i r  f i n d i n g s ,  
in  c o n t r a s t  i t  su g g e s ts  a l i n k  between v i s i o n  and a u d i t i o n  and 
touch and a u d i t i o n .
In  th e  a u d i t o r y / v i s u a l  domain A lle n ,  Walker, Symonds and 
M arce l l  (1977) found s i g n i f i c a n t  t r a n s f e r  a c ro s s  th e se  m o d a l i t i e s  
in  seven month o ld  i n f a n t s .  They used h e a r t  r a t e  h a b i t u a t i o n  as 
t h e i r  prim ary response  m easure . The i n f a n t s  were p re s e n te d  w ith  
e i t h e r  a s ta n d a rd  v i s u a l  ( f l a s h i n g  l i g h t s )  o r  a u d i to r y  ( to n e s )  
tem poral sequence . A f te r  h a b i tu a t i o n  to  t h i s  p a t t e r n  they  were 
then  p re se n te d  w ith  e i t h e r  th e  same tem pora l sequence in  th e  same 
m o d a li ty ,  a d i f f e r e n t  tem pora l sequence in  th e  same m o d a l i ty ,  th e  
same sequence i n  th e  o th e r  m o d a li ty  o r  a d i f f e r e n t  sequence i n  th e  
o th e r  m o d a l i ty .  Recovery o f  h a b i tu a t i o n  ( i . e  in c re a s e d  re sp o n d in g )  
was g r e a t e r  i n  those  s u b je c t s  who ex p e r ien ced  a change o f  tem pora l 
sequence , r e g a r d l e s s  o f  w hether o r  n o t  th e r e  was a change in  th e  
m o d a li ty  o f  p r e s e n ta t i o n .  T h e i r  c o n c lu s io n s  were t h a t  i n f a n t s  o f  
t h i s  age can a b s t r a c t  and re c o g n ise  e q u iv a le n t  tem poral in fo rm a t io n  
a c ro s s  v i s io n  and a u d i t io n .  That i s  t r a n s f e r  between th e s e  
m o d a l i t i e s .
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Taking a l l  o f  th e se  s tu d i e s  to g e th e r  then  they  dem onstra te  t h a t  
i n f a n t s  can re c o g n ise  o b je c t s  when p re s e n te d  w ith  them in  d i f f e r e n t  
m o d a l i t i e s .  Thus they  a r e  cap ab le  o f  e x t r a c t i n g  s u f f i c i e n t  
in fo rm a t io n  o r  cues in  one m o d a li ty  to  enab le  r e c o g n i t io n  o f  th e s e  
cues to  occu r  i n  a n o th e r  m o d a l i ty .  However two problem s s t i l l  
rem ain . F i r s t l y ,  none o f  th e  s t u d i e s  have d i r e c t l y  m an ipu la ted  th e  
age v a r i a b l e .  Does t h i s  a b i l i t y  change w ith  age over say  th e  f i r s t  
y e a r  o f  l i f e ?  Secondly, they  a g a in  do n o t  d i r e c t l y  a t t a c k  th e  
n a tu re  o f  the  t r a n s f e r  p ro c e s s .  I s  th e r e  some m e d ia tio n  p ro c e s s  
between th e  in fo rm a t io n  e x t r a c te d  from each m od a li ty  o r  i s  th e re  
amodal in fo rm a t io n  t h a t  i s  be ing  p e rce iv ed  d i r e c t l y ?  One f u r t h e r  
s tu d y  b eg in s  to  ad d re s s  th e s e  i s s u e s .  Hose, G o t t f r i e d  and B r id g e r  
(1978) compared tw elve month o ld  f u l l  term m iddle c l a s s  i n f a n t s ,  
tw elve month o ld  f u l l  term lower c l a s s  i n f a n t s  and a group o f  
prem ature  i n f a n t s  ( c h ro n o lo g ic a l  age ap p rox im ate ly  s i x t y  one weeks, 
c o r r e c te d  age from expected  d a te  o f  d e l iv e r y ,  ap p ro x im a te ly  f i f t y  
fo u r  w eeks). Using the  same procedure  as  G o t t f r i e d  e t . a l .  (1977),  
they found t h a t  only  th e  f u l l  term m iddle  c l a s s  group showed 
c ross-m odal t r a n s f e r  ( t a c t u a l  to v i s u a l )  w h ile  a l l  th r e e  groups had 
e q u iv a le n t  in t r a -m o d a l  r e c o g n i t io n  a b i l i t i e s .  They a t t r i b u t e d  t h i s  
d e f i c i t  on th e  p a r t  o f  th e  lower c l a s s  and p rem ature  i n f a n t s  to  one 
o f  th r e e  p o s s i b i l i t i e s .  F i r s t l y ,  they  might sim ply  be d e f i c i e n t  in  
t h e i r  t a c t u a l  in fo rm a t io n  p ro c e s s in g ,  t h a t  i s  they  might a l s o  have 
f a i l e d  in  a t a c t u a l  to  t a c t u a l  r e c o g n i t io n  ta s k  ( c . f .  B ry an t ,  
1968). I f  t h i s  were th e  case  then  i t  would su p p o r t  an in d ep en d en t 
sen so ry  m o d a li ty  h y p o th e s is  r a t h e r  than  a supra-m odal p e r c e p tu a l  
system , a l a  Bower. Secondly, they  su g g es t  t h a t  i t  may sim ply  be 
an in fo rm a t io n  p ro c e s s in g  r a t e  d i f f e r e n c e  t h a t  p roduces  th e
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d e f ic ie n c y  in  th e  t a c t u a l  f a m i l i a r i s a t i o n  c o n d i t io n s  as opposed to 
the  v i s u a l  f a m i l i a r i s a t i o n  r a t h e r  than  th e  a c t u a l  in fo rm a t io n  
e x t r a c te d .  I n c r e a s in g  th e  f a m i l i a r i s a t i o n  p e r io d  f o r  th e  lower 
c l a s s  and prem ature  i n f a n t s  i n  th e  cross-m odal c o n d i t io n  should
reduce t h i s  d e f i c i t .  T h ird ly , '  they  su g g es t  t h a t  th e se  two groups
could he d e f i c i e n t  i n  p o t e n t i a l  m e d ia to r  s k i l l s  in v o lv ed  in
c ross-m odal t r a n s f e r .  They do n o t  however su g g es t  ways o f  
i n v e s t i g a t i n g  e x a c t ly  what t h i s  m e d ia tio n  p ro cess  might be .
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Cross-Modal In te r a c tio n
This second main a r e a  i s  d e r iv e d  more d i r e c t l y  from t r a d i t i o n a l  
e x p e r im e n ta l  psychology . The p r i n c i p a l  concern  h e re  i s  w i th  how 
in fo rm a t io n  p re s e n te d  to  one m o d a li ty  a f f e c t s  th e  p ro c e s s in g  o f  
in fo rm a t io n  in  o th e r  m o d a l i t i e s ,  th e  e f f e c t s  b e in g  viewed in  th e  
main as  f a c i l i t a t o r y  o r  i n t e r f e r i n g .  A lthough, in  c o n t r a s t  to  th e  
t r a n s m is s io n  r e s e a r c h ,  most o f  th e  work has  been done w i th  a d u l t s  
r a t h e r  th a n  i n f a n t s  o r  young c h i ld r e n ,  th e  r e s e a r c h  w i l l  be 
reviewed in  some d e t a i l .  The rea so n  f o r  t h i s  approach  i s  t h a t ,  
because  t h i s  r e s e a r c h  i s  embedded in  m ainstream  e x p e r im e n ta l  
psychology, a number o f  t h e o r e t i c a l  models have been p o s tu l a t e d .  
From th e s e  models and from th e  r e s u l t s  o f  experim en ts  based  on them 
i t  w i l l  be e a s i e r ,  and i t  i s  argued l a t e r ,  more f r u i t f u l  to  view 
in te r -m o d a l  p e r c e p tu a l  development w i th in  t h i s  s o r t  o f  framework 
r a t h e r  than  th e  more g e n e ra l  t h e o r i e s  e l a b o ra te d  e a r l i e r  i n  th e  
d i s c u s s io n .  As w ith  th e  t r a n s m is s io n  r e s e a r c h  t h i s  a r e a  can a l s o  
be su b -d iv id e d .
F i r s t l y  t h e r e  i s  a l a r g e  body o f  ev idence  from th e  d e t e c t i o n  
and v i g i l a n c e  l i t e r a t u r e  which c l e a r l y  d em o n stra te s  t h a t  i n  th e  
p ro c e s s in g  o f  s im ple  s i g n a l s ,  perform ance i s  b e t t e r  ( t h a t  i s  more 
s i g n a l s  a re  d e t e c te d )  when s u b je c t s  have in fo rm a t io n  from two 
m o d a l i t i e s ,  r e l a t i v e  to  th e  b e t t e r  o f  th e  unimodal p r e s e n t a t i o n s  
(L o v e le s s ,  B rebner and Hamilton, 1970; N ickerson , 1975; C ra ig ,  
Colquhoun and Corcoran , 1976). Two models have been p roposed  to  
accoun t f o r  t h i s  e f f e c t  -
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(a )  p r e p a r a t io n  enhancement (N ickerson , 1973)
t h i s  th e o ry  p roposes  t h a t  one m o d a li ty  a l e r t s  th e  o th e r  
to  th e  p o t e n t i a l  p re sen ce  o f  a s i g n a l .  The e f f i c i e n c y  o f  
th e  bimodal s i t u a t i o n  i s  th en  dependent upon th e  m o d a l i ty  
t h a t  i s  cued. The a l e r t i n g  m o d a li ty  reduces  th e  c r i t e r i o n  
r e q u i r e d  f o r  re sp o n se  i n  th e  cued m o d a li ty  r e l a t i v e  to  th e  
p ro c e s s in g  r e q u i r e d  in  th e  un i-m odal p r e s e n ta t i o n  
c o n d i t io n .  T h e re fo re  w hether  o r  n o t  bim odal p r e s e n t a t i o n  
w i l l  r e s u l t  i n  more e f f i c i e n t  p ro c e s s in g  th an  s i n g l e  
m o d a li ty  p ro c e s s in g  depends on w hether th e  more a p p r o p r i a t e  
o f  th e  two m o d a l i t i e s  i s  chosen a s  th e  cued m o d a li ty .
(b) energy  summation
a l th o u g h  th e r e  a r e  a number o f  v a r i a n t s  o f  t h i s  model 
(L ove less  e t . a l .  1970; C ra ig  e t . a l .  1976) they  a l l  p ropose  
t h a t  in fo rm a t io n  from th e  two m o d a l i t i e s  i s  combined a t  
some h ig h e r  o rd e r  n e u r a l  l e v e l ,  a b s t r a c t e d  from th e  
sen so ry  in fo rm a t io n ,  and t h a t  th e  d e t e c t i o n  d e c i s io n  
i s  based  upon t h a t  i n t e g r a t e d  in fo rm a t io n .  More g e n e r a l ly  
they  argue  t h a t  th e r e  i s  n o n -independen t p ro c e s s in g  o f  
th e  m o d a l i t i e s .
Although th e s e  models account more o r  l e s s  s a t i s f a c t o r i l y  f o r  
th e  d e t e c t i o n  o f  s im ple bimodal s i g n a l s  a t  n e a r  th r e s h o ld  l e v e l s ,  
they  a r e  n o t  s u i t a b l e  as  g e n e ra l  acc o u n ts  o f  th e  i n t e r a c t i o n  o f  
bimodal in fo rm a t io n .  For example, th e r e  i s  a l s o  a f a c i l i t a t o r y  
e f f e c t  i n  p ro c e s s in g ,  p a r t i c u l a r l y  i n  th e  v i s u a l  m o d a li ty  when one 
p r e s e n t s  i r r e l e v a n t  in fo rm a t io n  i n  a n o th e r  m o d a l i ty .  P o sn e r ,  
N issen  and K le in  (1976) found t h a t  i n  a v i s u a l  ch o ice  r e a c t i o n  tim e
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t a s k ,  p r e s e n t a t i o n  o f  an a u d i to r y  a c c e s so ry  (a  b u r s t  o f  w h ite  
n o is e )  reduced  r e a c t i o n  tim es compared w ith  th o se  o b ta in e d  w i th o u t  
th e  a u d i to r y  a c c e s so ry .  I n t e r e s t i n g l y  however, th e r e  was no 
sym m etrica l r e l a t i o n s h i p  between v i s u a l  a c c e s s o r i e s  and a s i m i l a r  
a u d i to r y  ch o ice  r e a c t i o n  tim e t a s k .  F urtherm ore , T a y lo r  and 
Campbell (1976) showed t h a t  t h i s  f a c i l i t a t i o n  on ly  o c c u rre d  when 
th e  n o is e  a c c e s so ry  was p re s e n te d  i n t e r m i t t e n t l y .  There was no 
f a c i l i t a t i o n  i f  th e  n o is e  was p re s e n te d  c o n t in u o u s ly ,  im p ly ing  t h a t  
i t  i s  th e  change in  a u d i to r y  s t im u la t i o n  t h a t  i s  th e  im p o r ta n t  
f a c t o r .  T ay lo r  and C am pbell 's  i n t e r p r e t a t i o n  o f  th e se  r e s u l t s  i s  
t h a t  th e  a u d i to r y  s t im u lu s  p roduces  q u i t e  s p e c i f i c  e f f e c t s  i n  
n e u r a l  p ro c e s s in g  t h a t  le a d  to  an in c r e a s e  in  th e  r a t e  o f  v i s u a l  
in fo rm a t io n  p ro c e s s in g .  In  a d d i t i o n  to  th e  b e h a v io u ra l  ev id en ce  
they  a l s o  c i t e  n e u r o p h y s io lo g ic a l  s u p p o r t  f o r  t h e i r  h y p o th e s i s .
However, th e  l e v e l  o f  i n t e r a c t i o n  shown by th e se  s t u d i e s  i s  a t  
th e  l e v e l  o f  s im ple  a r o u s a l ;  t h e r e  i s  no i n d i c a t i o n  from th e s e  
experim en ts  o f  any v a r i a t i o n  i n  th e  coding  o r  i n t e r p r e t a t i o n  o f  
in fo rm a t io n  from one m o d a l i ty  dependent upon th e  in fo rm a t io n  from 
th e  second m o d a li ty .  Nor i s  i t  known how g e n e ra l  th e  phenomenon i s  
w i th  r e g a rd  to  m o d a l i t i e s  o th e r  th a n  a u d i t i o n  and v i s i o n .  Evidence 
on th e  f i r s t  p o in t  comes from a s tu d y  by Mynatt (1977) which showed 
t h a t  v a r i a t i o n  i n  t h e  a u d i to r y  s i g n a l  p r e s e n te d  a f f e c t e d  th e  speed  
o f  p ro c e s s in g  o f  a v i s u a l  s i g n a l .  In  a s im ple  r e a c t i o n  tim e 
experim en t she  used v i s u a l l y  p re s e n te d  d i g i t s  and one o f  t h r e e  
ty p e s  o f  a u d i to r y  s t im u l i  -  an i d e n t i c a l  d i g i t ,  a d i f f e r e n t  d i g i t ,  
o r  a b u r s t  o f  speech  n o is e .  When th e  a u d i to r y  s t im u lu s  was 
p re s e n te d  s im u l ta n e o u s ly  w ith  th e  v i s u a l  s t im u lu s ,  i d e n t i c a l  d i g i t s
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produced a d e c re a se  i n  r e a c t i o n  tim e r e l a t i v e  to  th e  c o n t r o l  
c o n d i t io n  ( th e  h u r s t  o f  speech  n o is e )  and d i f f e r e n t  d i g i t s  produced 
an in c r e a s e  i n  r e a c t i o n  tim e r e l a t i v e  to  th e  speech  n o is e  
c o n d i t io n .  There was no c o n t r o l  c o n d i t io n  where th e  v i s u a l  s t im u l i  
were p r e s e n te d  w ith o u t  an a u d i to r y  s t im u lu s ,  th e r e f o r e  i t  i s  n o t  
c l e a r  w hether  o r  n o t  a l l  t h r e e  c o n d i t io n s  were f a c i l i t a t o r y  i n  th e  
p ro c e s s in g  o f  th e  v i s u a l  d i g i t .  I t  i s  c o n c e iv a b le  t h a t  th ey  were 
in  f a c t  i n t e r f e r i n g  w ith  th e  v i s u a l  p ro c e s s in g ,  b u t  to  d i f f e r e n t  
d e g re e s .  A s i m i l a r  b u t  more com plica ted  s e t  o f  r e s u l t s  was found 
in  a f u r t h e r  two experim en ts  u s in g  consonant-vow el s y l l a b l e s  where 
th e  degree  o f  d i f f e r e n c e  between th e  s t im u l i  was v a r ie d  a c c o rd in g  
to  t h e i r  p h o n e t ic  f e a t u r e s ,  w i th  p a i r s  o f  s t im u l i  hav ing  d i f f e r e n t  
numbers o f  f e a t u r e s  i n  common. Again th e  i d e n t i c a l  s t im u l i  
produced th e  f a s t e s t  r e a c t i o n  t im e s .
Thus i t  i s  c l e a r  from th e s e  s t u d i e s  t h a t  a t  l e a s t  a s  f a r  as  
v i s io n  and a u d i t i o n  a r e  concerned  p r e s e n t in g  s t im u l i  o ver  two 
m o d a l i t i e s  b o th  in c r e a s e s  t h e i r  d e t e c t a b i l i t y  and th e  e f f i c i e n c y  o f  
v i s u a l  p ro c e s s in g ,  b u t  t h a t  p o s s ib ly  two mechanisms a r e  in v o lv e d .  
The f i r s t  independen t o f  th e  r e l a t i o n s h i p  o f  th e  in fo rm a t io n  coming 
over  th e  two m o d a l i t i e s  (T ay lo r  and Campbell, 1976; Posner e t . a l . ,  
1976) and th e  second dependent on th e  degree  o f  c o n s is te n c y  o f  th e  
in fo rm a t io n  (M ynatt, 1977)* Furtherm ore  th e r e  i s  a s u g g e s t io n  t h a t  
t h i s  second mechanism may produce f a c i l i t a t o r y  o r  i n h i b i t o r y  
e f f e c t s  dependent on th e  r e l a t i o n s h i p  o r  deg ree  o f  c o n g ru i ty  o f  th e  
in fo rm a t io n  p re s e n te d  over  th e  two c h a n n e ls .
This p o t e n t i a l  d u a l  mode o f  c ro ss -m odal i n t e r a c t i o n  i s  a l s o
Page 41
r e f l e c t e d  in  two f u r t h e r  a r e a s  o f  i n t e r a c t i o n  r e s e a rc h  which must 
be c o n s id e re d .  The f i r s t  o f  th e s e  i s  s i m i l a r  to  th e  e f f e c t  o f  
i r r e l e v a n t  in fo rm a t io n  from a second m o d a li ty  p rov ing  f a c i l i t a t o r y  
on th e  p ro c e s s in g  o f  th e  f i r s t  and o ccu rs  i n  c e r t a i n  a u d i to r y  
l o c a l i s a t i o n  and s e l e c t i v e  a t t e n t i o n  t a s k s .
Warren (1970) and P l a t t  and Warren (1972) have shown t h a t  a d u l t  
s u b je c t s  l o c a l i s e  unseen  a u d i to r y  t a r g e t s  more a c c u r a te l y  w ith  
t h e i r  eyes open th a n  th ey  do w ith  t h e i r  eyes c lo se d .  In  a s e r i e s  
o f  experim en ts  th ey  dem onstra ted  t h a t  t h i s  v i s u a l  f a c i l i t a t i o n  on ly  
o ccu rred  when th e  s u b je c t  viewed in  a l i t  env ironm ent, t h a t  i s  
hav ing  h i s  eyes open and f r e e  to  move i n  th e  dark  d id  n o t  improve 
l o c a l i s a t i o n ,  th u s  r u l i n g  ou t th e  p o s s i b i l i t y  t h a t  i t  i s  due 
e n t i r e l y  to  e f f e r e n t  in fo rm a t io n  from th e  eyes .  S econdly , th e
e f f e c t  was more a l i s t e n i n g  f a c i l i t a t i o n  r a t h e r  th a n  on th e  
p o in t in g  re sp o n se  as  dem onstra ted  by i s o l a t i n g  th e  judgement and 
re sp o n se  phases  and a l s o  by showing b e t t e r  a u d i to ry  a c u i t y  under 
th e  eyes open c o n d i t io n s  where no p o in t in g  re sp o n se  was r e q u i r e d .  
Thus a l th o u g h  under  a l l  c o n d i t io n s  s u b j e c t s  had on ly  th e  u s u a l  cues 
o f  phase and i n t e n s i t y  in fo rm a t io n  from th e  a u d i to ry  s o u rc e ,  which 
a c t u a l l y  de term ined  th e  l o c a l i s a t i o n ,  they  were a b le  to  u t i l i s e  
a p p a re n t ly  ' i r r e l e v a n t '  v i s u a l  in fo rm a t io n  to  map th e  l o c a t i o n  on to  
th e  r e a l  w orld . I n t e r e s t i n g l y ,  Warren (1970) found t h a t  t h i s
f a c i l i t a t i o n  e f f e c t  was s t r o n g e r  i n  h i s  a d u l t  s u b je c t s  th a n  i n  
c h i ld r e n ,  a l th o u g h  i t  i s  n o t  e n t i r e l y  c l e a r  how much o f  t h i s  
d i f f e r e n c e  was due to  d i f f e r e n c e s  i n  u n d e rs ta n d in g  o f  th e  ta s k
i n s t r u c t i o n s  and th e  c h i l d r e n ' s  f a i l u r e  to  sp o n tan eo u s ly  d i r e c t
t h e i r  eye movements toward th e  unseen  a u d i to ry  t a r g e t s ,  o r  due to
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d i f f e r e n c e s  i n  some u n d e r ly in g  p ro c e s s in g  a b i l i t y .  O bviously , i f  
th e  l a t t e r  were th e  case  th e n  t h i s  would su p p o r t  an ' in d e p e n d e n t '  
m o d a li ty  p o s i t i o n  w i th  developm enta l i n t e g r a t i o n  r a t h e r  th a n  an 
' i n t e g r a t e d '  m o d a l i ty  v iew po in t  w i th  developm enta l d i f f e r e n t i a t i o n .
A nother s tu d y  by R e isb e rg  (1978) shows a s i m i l a r  though l e s s  
c l e a r  c u t  e f f e c t .  He had s u b j e c t s  shadow one o f  two s im u l ta n e o u s ly  
p r e s e n te d  messages under a v a r i e t y  o f  v i s u a l  c o n d i t io n s .  He 
compared s u b j e c t s '  perform ance under  t h r e e  p r e s e n t a t i o n s ;  one
where th ey  m onito red  th e  two messages a t  a narrow s e p a r a t io n  a n g le ,  
a second where th e  p e rso n s  r e a d in g  th e  messages were seen  and 
lo c a te d  a t  th e  p o s i t i o n s  o f  t h e i r  v o ic e s  and a t h i r d  where th e  
an g le  o f  s e p a r a t io n  between th e  v i s u a l  s t im u l i  was l a r g e r  th a n  t h a t  
between th e  a u d i to ry  s t i m u l i ,  which was c o n s ta n t  under  a l l  t h r e e
p r e s e n t a t i o n  c o n d i t io n s .  This l a s t  c o n d i t io n  in c re a s e d  th e
p s y c h o lo g ic a l  s e p a r a t io n  between th e  v o ic e s ,  l o c a l i s i n g  them c l o s e r  
to  t h e i r  a p p r o p r ia te  v i s u a l  components. Performance was b e t t e r  
under  c o n d i t io n s  two and th r e e  th a n  under  c o n d i t io n  one, w i th
l i t t l e  d i f f e r e n c e  between c o n d i t io n s  two and th r e e .  In  a second 
experim ent he r e p e a te d  th e  f i r s t  two c o n d i t io n s ,  ex ce p t  t h a t  
s u b je c t s  on ly  saw th e  lo u d sp e a k e rs  th rough  which th e  v o ic e s  were 
p r e s e n te d ,  n o t  th e  r e a d e r s .  Thus th e r e  was no l i p  movement 
in fo rm a t io n  a v a i l a b l e .  There was however s t i l l  an e f f e c t  on 
shadowing perform ance, a l th o u g h  s m a l le r  th a n  t h a t  observed  i n  th e  
f i r s t  s tu d y .  I t  i s  w e l l  e s t a b l i s h e d  t h a t  i n c r e a s in g  th e  s p a t i a l  
s e p a r a t io n  o f  two messages produces  b e t t e r  s e l e c t i v e  a t t e n t i o n  
perform ance (Kahneman, 1973)* S im i la r ly  th e  dominance o f  v i s i o n  
o ver  a u d i t i o n  i n  l o c a l i s a t i o n  t a s k s  i s  a l s o  w e l l  e s t a b l i s h e d  ( t h i s
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l i t e r a t u r e  w i l l  be d is c u s s e d  i n  th e  fo l lo w in g  s e c t i o n ) .  The e f f e c t  
t h a t  R e isb e rg  has  found may s im ply  be a com bination  o f  th e s e  two 
phenomena. That i s  f i r s t l y ,  an i n c r e a s e  i n  th e  a p p a re n t  s e p a r a t io n  
o f  th e  two so u rc e s  th rough  l o c a l i s a t i o n  o f  them a t  th e  a p p r o p r ia t e  
v i s u a l  s t im u l i  ( v i s u a l  dominance) and second ly  more a c c u r a te  
l o c a l i s a t i o n  o f  th e  sound s o u rc e s  w ith  th e  a d d i t i o n a l  v i s u a l  
in fo rm a t io n  p ro v id in g  a s p a t i a l  frame o f  r e f e r e n c e ,  which i n  t u r n  
f a c i l i t a t e s  shadowing. I t  cou ld  a l s o  be argued t h a t  th e s e  two 
p ro c e s s e s  should  work i n  o p p o s i t i o n  to  each o th e r  i n  t h a t  th e  
'W arren ' e f f e c t  should  le a d  to  more a c c u ra te  l o c a l i s a t i o n  ( i . e .  
a b s o lu te  s p a t i a l  p o s i t i o n )  w hereas th e  ' v i s u a l  dominance' e f f e c t  
should  le a d  to  l e s s  a c c u r a te  l o c a l i s a t i o n  (d isp la cem e n t tow ards th e  
v i s u a l  s t im u lu s ) .  However, b o th  s e t s  o f  experim en ts  d em o n s tra te  
c l e a r l y  th e  f a c i l i t a t i v e  i n t e r a c t i o n  o f  in fo rm a t io n  from one 
m o d a li ty  ( v i s io n )  on th e  e f f i c i e n c y  o f  p ro c e s s in g  in  a n o th e r  
m o d a li ty  ( a u d i t io n )  f o r  a p a r t i c u l a r ,  a p p a re n t ly  s i n g l e  m o d a li ty  
t a s k  (shadowing o r  a u d i to r y  l o c a l i s a t i o n ) .
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Cross-m odal D iscrepancy
The l a s t  a r e a  o f  in fo rm a t io n  i n t e r a c t i o n  a c ro s s  m o d a l i t i e s  to  
he c o n s id e re d  i s  one o f  th e  most pow erfu l paradigms f o r  th e  
i n v e s t i g a t i o n  o f  in te r -m o d a l  f u n c t io n in g  -  the  ' c o n f l i c t '  paradigm . 
In  t h i s  th e  s u b je c t  i s  g iven  two so u rc e s  o f  in fo rm a t io n ,  from 
d i f f e r e n t  m o d a l i t i e s ,  abou t what i s  o s t e n s ib l y  a s i n g l e  o b j e c t  o r  
even t and asked to  make some judgement abou t th e  p h y s ic a l
p r o p e r t i e s  o f  t h a t  o b j e c t  o r  e v e n t .  However, c r u c i a l l y  th e
in fo rm a t io n  from one o f  th e  m o d a l i t i e s  i s  e i t h e r  m od if ied  o r
transfo rm ed  i n  some s y s te m a t ic  f a s h io n  o r  e l s e  comes from a
com ple te ly  d i f f e r e n t  o b je c t  o r  e v e n t .  Thus th e  s u b j e c t  i s
p re s e n te d  w i th  in c o n g ru e n t  o r  c o n f l i c t i n g  in fo rm a t io n  from each 
m o d a li ty .
A number o f  d i f f e r e n t  s e n s e s  have been ju x tap o sed  i n  t h i s  
f a s h io n .  One o f  th e  e a r l i e s t  reco rd ed  in s t a n c e s  o f  th e  e f f e c t  o f  
such c o n f l i c t  was made by S t r a t t o n  (1897) who observed  t h a t  when 
w earing  p r ism s which r e v e rs e d  th e  v i s u a l  image, a sound which came 
from a so u rce  n o t  i n  th e  f i e l d  o f  view was h ea rd  a t  th e  a c t u a l  
l o c a t i o n ,  b u t  i f  th e  o b je c t  was i n  s i g h t  then  th e  sound was h ea rd  
a t  th e  o p t i c a l l y  d is p la c e d  lo c a t i o n .  Thus th e  s p a t i a l  in fo rm a t io n  
d e r iv e d  from th e  v i s u a l  m o d a li ty  dominated o ver  th e  s p a t i a l  
in fo rm a t io n  d e r iv e d  from a u d i t i o n .  Numerous s t u d i e s  s in c e  t h a t  
time have r e p l i c a t e d  and extended  t h i s  b a s ic  f in d in g .  P ick  (1970) 
in  a s e r i e s  o f  experim en ts  ju x ta p o s in g  n o t  on ly  v i s u a l  and a u d i to r y  
in fo rm a t io n  b u t  a l s o  v i s u a l  and p r o p r io c e p t iv e ,  and a u d i to r y  and 
p r o p r io c e p t iv e  in fo rm a t io n ,  a t tem p ted  to  q u a n t i f y  th e  d eg ree  o f
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dominance o r  b i a s  o f  one m o d a l i ty  over  a n o t h e r  under  a v a r i e t y  o f  
c o n d i t i o n s .  Although a c t u a l  f i g u r e s  were produced f o r  each o f  the  
b i a s e s ,  th e  e s t i m a t e s  v a r i e d  w ide ly  over  d i f f e r e n t  r e p l i c a t i o n s .  
However, one im p o r ta n t  e f f e c t  he d id  show was t h a t  one could a s s e s s  
t h e  degree  o f  b i a s  i n  bo th  d i r e c t i o n s ,  t h a t  i s  o f  v i s i o n  over  
p r o p r i o c e p t i o n  and p r o p r i o c e p t i o n  over  v i s i o n  by a s k in g  f o r  
d i f f e r e n t  judgements .  S u b je c t s  could e i t h e r  be asked to e s t i m a t e  
where h i s  f i n g e r  ' l o o k e d '  o r  where h i s  f i n g e r  ' f e l t '  i n  a s i t u a t i o n  
where he viewed h i s  f i n g e r  th rough  a wedge pr ism.  This t e c h n iq u e  
assumes t h a t  one can make t h e s e  judgements in d e p e n d e n t ly  under  th e  
d i f f e r e n t  c o n d i t i o n s ,  which may n o t  be a p a r t i c u l a r l y  v a l i d  one.  
However, t h e r e  i s  one o t h e r  im p o r ta n t  p o i n t  to  be ta ken  from P i c k ' s  
exper iments  and t h a t  i s  t h a t  they  a lmost  always show compromise 
between th e  sen so ry  systems r a t h e r  tha n  complete dominance o f  one 
m o da l i ty  by a n o th e r .
In a f u r t h e r  s e r i e s  o f  exper im en ts  i n v e s t i g a t i n g  t h i s  
phenomenon Warren (1979) s t u d i e d  v i s u a l / a u d i t o r y  c o n f l i c t  and 
v i s u a l / p r o p r i o c e p t i v e  c o n f l i c t  i n  judgements o f  l o c a t i o n  and found 
t h a t  ' c o g n i t i v e '  i n p u t  i n t o  th e  s i t u a t i o n  had d i f f e r e n t  e f f e c t s  on 
t h e  degree  o f  dominance f o r  each o f  th e  p a i r i n g s .  When s u b j e c t s  
were t o l d  about  the  e f f e c t s  th e  p r i sm would have ,  v i s u a l  dominance 
over  a u d i t i o n  was reduced ,  b u t  remained s t r o n g  over  p r o p r i o c e p t i o n .  
Conversely ,  when s u b j e c t s  were n o t  primed to b e l i e v e  t h a t  th e  
v i s u a l  and a u d i t o r y  in f o r m a t io n  r e l a t e d  to a s i n g l e  even t  the n  
v i s i o n  s t i l l  dominated th e  a u d i t o r y  in f o r m a t io n  b u t  no l o n g e r  had 
an e f f e c t  on p r o p r i o c e p t i o n .  W arren 's  g e n e r a l  c o n c lu s io n  was t h a t  
no u n i t a r y  e x p l a n a t i o n  can be used f o r  bo th  s e t s  o f  r e s u l t s  and
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t h a t  th e  l o c a t i o n  judgements made under  t h e  two c o n f l i c t  s i t u a t i o n s  
a r e  media ted  by q u i t e  d i f f e r e n t  p r o c e s s e s  and undermines any n o t i o n  
t h a t  s p a t i a l  in f o r m a t io n  i s  m o d a l i ty  independen t  a t  some c e n t r a l  
p r o c e s s in g  l e v e l .
The c o n f l i c t  paradigm has  a l s o  been used most n o t a b ly  i n  shape 
and s i z e  judgements .  Again when v i s u a l  and p r o p r i o c e p t i v e  o r  
h a p t i c  i n f o r m a t io n  a r e  p u t  i n t o  c o n f l i c t ,  v i s i o n  dominates  (Rock 
and V i c t o r ,  1964)* T y p i c a l l y  s u b j e c t s  a r e  asked to make th e s e  
shape a n d / o r  s i z e  judgements w h i le  examining an o b j e c t  h a p t i c a l l y  
and viewing th e  o b j e c t  th rough  a l e n s  which d i s t o r t s  t h e  v i s u a l  
image i n  some c o n t r o l l e d  manner.  Although v i s u a l  dominance i s  
s t r o n g  and r e s i s t a n t  to  knowledge o f  th e  i n t r o d u c t i o n  o f  the  
d i s t o r t i o n  i t  i s  n o t  always complete .  Power (1980) i n c r e a s e d  th e  
s i z e  o f  t h e  d i s c re p a n c y  between th e  v i s u a l  image and t h e  h a p t i c  
in f o r m a t io n  by i n c r e a s i n g  th e  d i s t o r t i n g  power o f  the  l e n s  and a l s o  
al lowed s u b j e c t s  to  view t h e i r  own hand ( a l s o  d i s t o r t e d )  examining 
th e  o b j e c t .  Although v i s u a l  dominance s t i l l  occu r red  i t  was much 
reduced i n  r e l a t i o n  to  the  normal c o n f l i c t  p r e s e n t a t i o n  c o n d i t i o n s .  
I n c r e a s e d  h a p t i c  s e n s i t i v i t y  a l s o  has  no e f f e c t  on t h e  dominance.  
Power and Graham (1976) t e s t e d  a group o f  p o t t e r s ,  who showed more 
a c c u r a t e  shape and s i z e  judgements under  h a p t i c  c o n t r o l  c o n d i t i o n s  
b u t  were s u b j e c t  to  th e  same degree  o f  v i s u a l  dominance,  under  
c o n f l i c t  c o n d i t i o n s ,  as  a group o f  s t u d e n t s .
Although i t  i s  te mpting  to subsume th e  dominance o f  v i s i o n  ove r  
touch  i n  t h e  shape and s i z e  judgement t a s k s  under  th e  same c a t e g o r y  
as  the  dominance o f  v i s i o n  over  p r o p r i o c e p t i o n  i n  l o c a t i o n
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judgements t h e r e  a r e  good r e a s o n s  f o r  b e l i e v i n g  them to  be th e
r e s u l t  o f  q u i t e  s e p a r a t e  p r o c e s s e s .  I t  has  been e s t a b l i s h e d  t h a t  
a d a p t a t i o n  to  p r i s m a t i c a l l y  d i s p l a c e d  v i s i o n  occu rs  i n  s p a t i a l  
b e hav iou r  under  a v a r i e t y  o f  c o n d i t i o n s  (Canon, 1971; Moulden, 
1971; U h la r i c k ,  1973 ;) ,  t h a t  i s  change to  v e r i d i c a l  s p a t i a l  
judgements and compensation f o r  th e  v i s u a l  d i s p la cem e n t .  However, 
t h e r e  has  been no c o r re s p o n d in g  d e m o n s t r a t io n  o f  a d a p t a t i o n  i n  t h e  
s h a p e / s i z e  s i t u a t i o n s .  Indeed Power (1980) emphasises  th e  
com pell ing  n a t u r e  o f  th e  i l l u s i o n  even a f t e r  d e b r i e f i n g  and 
r e p e a t e d  exposure .
I f  we examine more r e c e n t  e x p e r i m e n t a t i o n  on v i s u a l  and 
a u d i t o r y  c o n f l i c t  s i t u a t i o n s ,  t h i n g s  become even more com pl ica ted .  
The most com pell ing  and c e r t a i n l y  th e  b e s t  known phenomenon o f  t h i s  
s o r t  i s  th e  ' v e n t r i l o q u i s m '  e f f e c t .  In  t h i s  t h e  v o ic e  t h e  
v e n t r i l o q u i s t  u s e s  f o r  th e  puppet  appea rs  to  be l o c a l i s e d  a t  o r  
coming from th e  puppet ,  even i n  s i t u a t i o n s  where th e  puppet  and 
v e n t r i l o q u i s t  a r e  spaced q u i t e  f a r  a p a r t .  The e f f e c t  r e l i e s  on th e
f a c t  t h a t  w h i le  t a l k i n g  i n  th e  dummy's v o ic e  th e  v e n t r i l o q u i s t
makes l i t t l e  o r  no l i p  movements w h i le  t h e  dummy's mouth i s  
an imated.  Recent  r e s e a r c h  has  a t tem p ted  to e x p l i c a t e  t h i s  f i n d i n g  
i n  more d e t a i l  and p la c e  i t  w i t h i n  a more g e n e r a l  c o n t e x t  o f  
a u d i o - v i s u a l  i n t e g r a t i o n .
In  a s e r i e s  o f  exper iments  (Radeau,  1973; Radeau and
B e r t e l s o n ,  1977, 1978 ) i t  has  been  shown t h a t  exposure  to
c o n f l i c t i n g  a u d i t o r y - v i s u a l  i n f o r m a t io n  n o t  on ly  a f f e c t s  t h e  
s p a t i a l  judgements r e q u i r e d  d u r in g  th e  inc ongrue n t  p r e s e n t a t i o n
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c o n d i t i o n s  b u t  a l s o  produces  a f t e r - e f f e c t s  due to  a d a p t a t i o n  
s i m i l a r  to  t h a t  which occu rs  i n  t h e  p r i s m a t i c a l l y  d i s t o r t e d  v i s i o n  
t a s k  d i s c u s s e d  e a r l i e r .  That  i s ,  when s u b j e c t s  a r e  asked to  a t t e n d  
to a u d i t o r y  and v i s u a l  in fo r m a t io n ,  o s t e n s i b l y  hav ing  a common 
o r i g i n ,  but  s p a t i a l l y  d i s p l a c e d ,  any subsequen t  a u d i t o r y  judgements 
they  make a r e  d i s p l a c e d  towards the  l o c a t i o n  o f  th e  v i s u a l  s t im u lu s  
p r e v i o u s l y  viewed i n  t h e  d i s c r e p a n t  c o n d i t i o n .  Radeau and 
B e r t e l s o n  i n t e r p r e t  t h i s  f i n d i n g  as s u g g e s t in g  t h a t  d u r in g  th e  
exposure  to  a u d i t o r y - v i s u a l  d i s c o rd a n c e  t h e  p e r c e p t u a l  system 
r e c a l i b r a t e s  the  eye-head and sound-head n e u r a l  p ro c e s s e s  r e q u i r e d  
f o r  c o r r e c t  s p a t i a l  judgements to  compensate f o r  th e  p r e s e n te d  
d i s p la c e m e n ts .  A f t e r  th e  a d a p t a t i o n  phase n e c e s s a r y  f o r  t h e s e  
r e c a l i b r a t i o n s  to  occur ,  when th e  s u b j e c t  i s  p la ced  i n  a new 
s i t u a t i o n ,  f o r  example,  sound l o c a l i s a t i o n  w h i le  b l i n d f o l d e d ,  he 
c o n t in u e s  to  o p e r a t e  on th e  r e c a l i b r a t e d  system. This r e s u l t s  i n  
l o c a l i s a t i o n  judgements c o n s i s t e n t l y  d i s p l a c e d  away from th e  a c t u a l  
source  o f  t h e  sound and i n s t e a d  towards  th e  d i r e c t i o n  o f  t h e  v i s u a l  
s t im u lu s  p r e s e n te d  d u r in g  th e  a d a p t a t i o n  c o n d i t i o n s .  Th is  i s  an 
im p o r ta n t  h y p o th e s i s  s in c e  i t  p o s i t s  a p r o c e s s ,  th e  r e s u l t a n t  
p e r c e p t  o f  which i s  a t r u e  compromise i n v o l v in g  a d a p t a t i o n  o f  b o th  
m o d a l i t i e s .  This  i s  a s u b s t a n t i a l  s t e p  away from p re v io u s  n o t i o n s  
u n d e r ly i n g  phenomena o f  t h i s  type ,  which e s s e n t i a l l y  viewed one 
m oda l i ty  (normal ly  v i s i o n )  'd o m in a t in g '  the  o t h e r  ( a u d i t i o n ) .  More 
im p o r t a n t ly  they  demonst ra ted  t h i s  compromise e m p i r i c a l l y  i n  a 
s tu d y  where a s m a l l ,  bu t  c o n s i s t e n t ,  v i s u a l  a f t e r - e f f e c t  was found 
i n  re sponse  to  a u d i t o r y - v i s u a l  c o n f l i c t  (Radeau,  1973)* What 
de te rm ines  t h e  degree  o f  r e c a l i b r a t i o n  and th e  e f f e c t  on each o f  
th e  i n d i v i d u a l  m o d a l i t i e s  i s  as  y e t  u n s p e c i f i e d ,  a l th o u g h  Radeau
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does su g g e s t  t h a t  a r i c h e r  v i s u a l  frame o f  r e f e r e n c e  would g iv e  
g r e a t e r  weight  to  v i s i o n  and b i a s  th e  r e c a l i b r a t i o n  i n  t h a t  
d i r e c t i o n .  However, t h i s  v iew po in t  o f  a  p e r c e p t u a l  system change,  
i n  c o n f l i c t  s i t u a t i o n s  i s  n o t  u n i v e r s a l l y  a c c e p te d .  Choe, Welch, 
G i f fo rd  and Ju o la  (1975) propose t h a t  th e  change t h a t  t a k e s  p l a c e  
i s  th e  way th e  s u b j e c t  d e c id e s  upon h i s  r e sp o n se  r a t h e r  th a n  on th e  
s u b j e c t ' s  a u d i t o r y  p e r c e p t  be in g  a f f e c t e d  by th e  v i s u a l  s t i m u l a t i o n  
d i r e c t l y .  Although t h e r e  i s  l i t t l e  ev idence  to  su p p o r t  t h i s  
' r e s p o n s e '  h y p o th e s i s  ( B e r t e l s o n  and Radeau,  1976) i t  does 
h i g h l i g h t  some im por tan t  d i f f i c u l t i e s  i n  t h i s  a r e a .
F i r s t l y ,  how does th e  p e r c e p t u a l  system dec ide  i f  i t  r e g i s t e r s  
two v a lu e s  on s e p a r a t e  m o d a l i t i e s  t h a t  t h e s e  a r e  to  be t r e a t e d  as  
hav ing  a common source  and th e  a p p r o p r i a t e  r e c a l i b r a t i o n  c a r r i e d  
o u t  to produce a u n f i e d  o r  compromise p e r c e p t?  Why n o t  s imply  
t r e a t  t h e  two v a lu e s  as  s e p a r a t e  e v en t s?  Secondly,  how does t h i s  
change i n  t h e  p e r c e p t u a l  system r e l a t e  to  th e  phenomenal ex p e r i e n c e  
o f  f u s i o n  where th e  i n f o r m a t io n  from th e  two m o d a l i t i e s  i s  
expe r i enced  as  hav ing  a common o r i g i n ?
Radeau and B e r t e l s o n  (1977,1978) i n  a s e r i e s  o f  exper im en t s  
i n v e s t i g a t e d  th e s e  i s s u e s .  They reasoned  t h a t  i t  must be t h e  
p r o p e r t i e s  o r  cues i n v e s t e d  i n  t h e  a u d i t o r y  and v i s u a l  s t i m u l i  t h a t  
de te rm ine  whether  o r  no t  th e  two s t im u lu s  v a lu e s  from th e  d i f f e r e n t  
m o d a l i t i e s  w i l l  be i n t e g r a t e d  by the  p e r c e p t u a l  systems by a 
p ro c e s s  they  termed p a i r i n g . They f u r t h e r  reasoned  t h a t  t h e  
im p o r tan t  f e a t u r e s  o r  cues could  be o f  two ty pes  e i t h e r  s t r u c t u r a l  
o r  c o g n i t i v e . By s t r u c t u r a l  f a c t o r s  they  mean a b s t r a c t  s t i m u lu s
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p r o p e r t i e s ,  such as  th o s e  g iven  by th e  G e s t a l t  r u l e s  o f  o b j e c t  
i d e n t i f i c a t i o n  -  p ro x im i ty ,  s i m i l a r i t y  e t c .  In  c o n t r a s t ,  c o g n i t i v e  
f a c t o r s  were ta ken  to  be cues  about  th e  s i t u a t i o n  which i n d i c a t e d  
t h a t  t h e  two v a l u e s  should  be i n t e r p r e t e d  as  hav ing  a common 
s o u rce ,  f o r  example i n s t r u c t i o n s  e x p l i c i t l y  s t a t i n g  so .  Thus t h e  
argument p roceeds  t h a t  i f  one i n c r e a s e s  th e  p r o b a b i l i t y  o f  
' p a i r i n g '  o c c u r r i n g  by i n c r e a s i n g  th e  number o f  c o i n c i d e n t  
s t r u c t u r a l  p r o p e r t i e s  o r  by i n c r e a s i n g  th e  s u g g e s t io n  o f  common 
o r i g i n  the n  one should  i n c r e a s e  t h e  p r o b a b i l i t y  o f  r e c a l i b r a t i o n  o f  
th e  s enso ry  systems and t h a t  t h i s  should  show i n  t h e i r  e x p e r im e n ta l  
paradigm as l a r g e r  o r  lo n g e r  l a s t i n g  a f t e r - e f f e c t s .
To dem ons t ra te  t h i s  they  c o n s t r u c t e d  v a ry in g  c o n d i t i o n s  
in v o l v in g  a u d i t o r y - v i s u a l  s p a t i a l  d i s co rd an c e  and measured th e  
e f f e c t  on subsequen t  a u d i t o r y  l o c a l i s a t i o n .  The a u d i t o r y - v i s u a l  
c o n d i t i o n s  were p r e s e n t e d  to  th e  s u b j e c t s  v i a  a t e l e v i s i o n  m o n i to r  
and a loudspeake r  d i s p l a c e d  e i t h e r  20 deg rees  to  the  r i g h t  o r  l e f t  
o f  the  m on i to r .  The s t r u c t u r a l  f a c t o r  they  i n v e s t i g a t e d  was th e  
synchrony between th e  v i s u a l  and a u d i t o r y  s t i m u l i  and th e  c o g n i t i v e  
f a c t o r  th e  degree  o f  r e a l i s m  invo lved  i n  th e  p r e s e n t a t i o n .  Real ism 
was m an ipu la ted  by p r e s e n t i n g  s u b j e c t s  w i th  a p a r t i c u l a r  sound,  i n  
one experiment a p e r c u s s io n  in s t ru m e n t  (bongo drums) and an image 
o f  e i t h e r  t h e  hands o f  the  p l a y e r  b e a t i n g  th e  drums o r  d i f f u s e  
l i g h t  modulated by the  sound, th e  former combination  b e in g  the  
' s e m i - r e a l i s t i c '  s i t u a t i o n  and th e  l a t t e r  th e  ' n o n - r e a l i s t i c ' 
s i t u a t i o n .  They term th e  f i r s t  p a i r i n g  i n  each s e t  as  
' s e m i - r e a l i s t i c '  because t h e  m a t e r i a l s  were p r e s e n t e d  v i a  
a r t i f i c i a l  d e v i c e s  and may as  a consequence be l e s s  c o n v in c in g  as
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s i n g l e  e v e n t s  than  th e  e q u i v a l e n t  r e a l - l i f e  p r e s e n t a t i o n .  A second 
exper iment used  a vo ic e  as t h e  sound w i th  e i t h e r  th e  f a c e  o f  t h e  
speaker  ( s e m i - r e a l i s t i c )  o r  a g a i n  modulated l i g h t  ( n o n - r e a l i s t i c ) .  
The degree  o f  synchrony o f  th e  m o d a l i t i e s  was c o n t r o l l e d  by e i t h e r  
no m a n ip u la t io n  o f  the  s o u n d t rack  o r  by d e l a y in g  th e  a u d i t o r y  
s t im u lu s  by 0.35  second .  The pr im ary  dependent  v a r i a b l e  was t h e  
s i z e  o f  a f t e r - e f f e c t  ( d i s p l a c e d  a u d i t o r y  l o c a l i s a t i o n )  produced by 
d i f f e r i n g  combinations  o f  t h e s e  f a c t o r s .
In  th e  f i r s t  exper iment where they  had bo th  s e m i - r e a l i s t i c  and 
n o n - r e a l i s t i c  c o n d i t i o n s ,  a l th o u g h  they  found s i g n i f i c a n t  
a f t e r - e f f e c t s  i n  bo th ,  t h e r e  was no d i f f e r e n c e  i n  t h e  deg ree  o f  
a f t e r - e f f e c t s  r e l a t e d  to the  r e a l i s m  o f  t h e  s i t u a t i o n .  A second 
s tudy  examined bo th  t h e  degree  o f  r e a l i s m  and th e  synchrony o f  t h e  
s t i m u l i  and a g a i n  found s i g n i f i c a n t  a f t e r - e f f e c t s  under  a l l  
c o n d i t i o n s .  However as  b e f o r e ,  th e  c o g n i t i v e  f a c t o r ,  t h e  deg ree  o f  
r e a l i s m  , produced no v a r i a t i o n  i n  t h e  s i z e  o f  t h e  a f t e r - e f f e c t .  
The in f l u e n c e  o f  th e  s t r u c t u r a l  f a c t o r ,  th e  synchrony o f  t h e  two 
s o u r c e s ,  however was q u i t e  d i f f e r e n t .  The a f t e r - e f f e c t s  were much 
l a r g e r  under  t h e  synchronous  c o n d i t i o n s  tha n  under  t h e  
desynch ron ised  c o n d i t i o n s .  They a l s o  a t tem p ted  to  a s s e s s  w he the r  
t h e  ' p a i r i n g '  o f  th e  s t i m u l i  as  ev idenced  by th e  s i z e  o f  th e  
a f t e r - e f f e c t  was r e l a t e d  to th e  im p res s io n  o f  f u s i o n  d i r e c t l y  
exper ienced  by the  s u b j e c t s .  In  one experiment they  asked ,  
r e t r o s p e c t i v e l y ,  where t h e  s u b j e c t s  thought th e  o r i g i n  o f  t h e  sound 
was d u r ing  th e  a d a p t a t i o n  c o n d i t i o n s .  I f  th e  s u b j e c t  r e p o r t e d  th e  
o r i g i n  as  th e  t e l e v i s i o n  m on i to r  t h i s  was taken  as  ev idence  o f  
f u s io n .  L o c a l i s a t i o n  o f  th e  sound e l sew here  was taken  to  mean th e
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s u b j e c t  was aware o f  the  a u d i t o r y - v i s u a l  d i s c o rd a n c e .  Only one 
c o n d i t i o n  produced n£  r e p o r t s  o f  f u s i o n ,  t h a t  o f  the  f a c e  w i th  an 
asynchronous  v o ic e ,  t h a t  i s  t h e  s e m i - r e a l i s t i c  c o n d i t i o n .  However, 
i m p o r t a n t ly  even those  s u b j e c t s  who r e p o r t e d  d i s c o rd a n c e  
expe r i enced  s i g n i f i c a n t  a f t e r - e f f e c t s .  The i m p l i c a t i o n  i s  t h a t  the  
s t i m u l i  were 'p a i red*  bu t  n o t  ' f u s e d '  f o r  t h e s e  s u b j e c t s .  In  a 
subsequen t  exper iment u t i l i s i n g  t h e  same c o n d i t i o n s  as  above 
s u b j e c t s  were asked to p r e s s  a b u t t o n  whenever th ey  thought t h a t  
t h e  sound and image came from th e  same p l a c e .  This  exper iment gave 
a d i f f e r e n t  p a t t e r n  o f  r e s u l t s  from t h a t  o f  the  a f t e r - e f f e c t s .  In  
t h i s  c a se  under  t h e  syn ch ro n ised  c o n d i t i o n s ,  s i g n i f i c a n t l y  more 
f u s i o n  was r e p o r t e d  f o r  t h e  r e a l i s t i c  c o n d i t i o n  th a n  i n  t h e  
n o n - r e a l s i t i c  c o n d i t i o n .  These r e s u l t s  su g g e s t  t h a t  f u s i o n  and 
r e c a l i b r a t i o n  a c t  q u i t e  in d e p e n d e n t ly  a l th o u g h  they  can o p e r a t e  
c o n c u r r e n t l y .  This  i s  s l i g h t l y  in c o n v e n ie n t ,  a  more pa rs im on ious  
e x p l a n a t i o n  and one more e a s i l y  hand led  t h e o r e t i c a l l y  would be i f  
th ey  could simply be rega rded  as d i f f e r e n t  degrees  o f  th e  same 
s t a t e .  Radeau and B e r t e l s o n ' s  g e n e r a l  c o n c lu s io n s  a r e  t h a t  t h e r e  
a r e  two p o s s i b l e  p r o c e s s e s  u n d e r ly i n g  a u d i o - v i s u a l  i n t e g r a t i o n .  
One a h ig h  l e v e l  c o r t i c a l  p ro c e s s  which a t t e m p t s  to  produce  a 
u n i f i e d ,  compromise p e r c e p t  and i s  a f f e c t e d  by what they  l o o s e l y  
term th e  s t r u c t u r a l  p r o p e r t i e s  in vo lved  i n  t h e  s t i m u l i .  The o t h e r  
t e n t a t i v e l y  sugges ted  p r o c e s s ,  i n v o l v in g  f u s i o n  i s  an 
e x p e r i e n t i a l l y  based s t a t e  and much more e a s i l y  a f f e c t e d  by 
s i t u a t i o n a l  cues .  However, t h i s  d i f f e r e n t i a t i o n  between ' p a i r i n g '  
and ' f u s i o n '  in t ro d u c e d  must be r ega rded  as  ex t remely  t e n t a t i v e ;  
t h e  measurement problem i n  a s s e s s i n g  when f u s i o n  occurs  i s  ve ry  
p r o b le m a t i c ,  p a r t i c u l a r l y  i f  one wants to  measure i t
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q u a n t i t a t i v e l y ,  t h a t  i s  s t r e n g t h  o r  d u r a t i o n  r a t h e r  th a n  mere 
o ccu r ren c e .  The i n t r o s p e c t i o n  r e q u i r e d  to r e p o r t  f u s i o n  o f t e n  
d e s t r o y s  t h e  ex p e r i e n c e  i t s e l f  (Radeau and B e r t e l s o n ,  1977)* The 
h i s t o r y  o f  psychology i s  l i t t e r e d  w i th  t h e  d e b r i s  o f  t h e o r i e s  based  
on i n t r o s p e c t i v e  r e p o r t s .
To a l a r g e  e x t e n t  most o f  th e  s t u d i e s  o f  a u d i t o r y - v i s u a l  
c o n f l i c t  have used  l o c a t i o n  judgements to  a s s e s s  th e  deg ree  o f  
i n t e r f e r e n c e  o r  i n t e g r a t i o n  between t h e  m o d a l i t i e s .  There i s  
however one o t h e r  s e t  o f  exper im en ts  u s in g  th e  a u d i o - v i s u a l  
c o n f l i c t  paradigm which show an i n t e r a c t i o n  o f  t h e  m o d a l i t i e s  i n  a 
q u i t e  d i f f e r e n t  f a s h i o n .  McGurk and MacDonald (1976) and MacDonald 
and McGurk (1978) jux taposed  s imple  speech  s y l l a b l e s  i n  d i f f e r e n t  
combinations  a c r o s s  v i s i o n  and a u d i t i o n  and found t h a t  t h e i r  
s u b j e c t s  l a r g e l y  r e p o r t e d  h e a r i n g  compromise p e r c e p t s .  For  example 
when t h e  sound [ b a - b a j  was dubbed onto  th e  l ip-movements f o r  
[ g a - g a j  and synch ron ised ,  s u b j e c t s  r e p o r t e d  h e a r i n g  th e  s y l l a b l e  
[d a -d a j ,  t h a t  i s  one d i f f e r e n t  to  t h a t  p r e s e n t e d  i n  e i t h e r  
m o d a l i t y .  Conversely,  when th e  sound Lsa “ga J was dubbed onto  th e  
l ip-movments f o r  L^a ~baJ they  r e p o r t e d  h e a r i n g  a combination  o f  the  
s y l l a b l e s ,  t h a t  i s  e i t h e r  j_"ba-Toga.J o r  Lga^Sa J* Radeau and
B e r t e l s o n ' s  terms th e s e  a r e  s t r o n g  ' f u s i o n '  r e s p o n s e s .  The r e s u l t s  
a r e  a l s o  r o b u s t  w i th  r e s p e c t  to  knowledge o f  th e  phenomena. 
S u b je c t s  can l i s t e n  to  th e  a u d i t o r y  s t im u lu s  a lone  and r e p o r t  i t  
a c c u r a t e l y ,  bu t  when asked to view th e  l ip-movment s t i m u l i  w i th  
t h a t  a u d i t o r y  s t im u lu s ,  which th ey  know to  be th e  same, w i l l  r e p o r t  
t h a t  i t  sounds q u i t e  d i f f e r e n t .  The i m p l i c a t i o n  o f  t h e s e  r e s u l t s  
i s  t h a t  the  s u b j e c t s  a r e  p i c k in g  up in fo rm a t io n  from th e  v i s u a l ,
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l ip -movement, in f o r m a t io n  which min imally  i s  s imply c o n s t r a i n i n g  
t h e i r  i n t e r p r e t a t i o n  o f  t h e  a u d i t o r y  cues ,  o r  more r a d i c a l l y ,  th ey  
a r e  p i c k in g  up speech  l i k e  i n f o r m a t io n  from th e  v i s u a l  cues which 
they  combine w i th  s i m i l a r  o r  complementary a u d i t o r y  i n f o r m a t io n  to  
produce t h e  ' h e a r d '  s y l l a b l e .  None o f  t h e i r  s u b j e c t s  were 
p r o f i c i e n t  l i p  r e a d e r s  and t h e r e  were a l s o  i n t e r e s t i n g  changes w i th  
age .  The younges t  s u b j e c t s  McGurk and MacDonald (1976) used  were 
f o u r  y e a r  o ld  c h i l d r e n .  S i g n i f i c a n t l y  t h e  age v a r i a t i o n  was such  
t h a t  a l th o u g h  t h e  younger c h i l d r e n  were h i g h l y  s u s c e p t i b l e  to  th e  
i l l u s i o n ,  they  were much l e s s  a f f e c t e d  than  th e  a d u l t  s u b j e c t s .
In  summary then ,  a l th o u g h  th e  ev idence  from th e  c o n f l i c t  
paradigm i s  complex, one o r  two g e n e r a l  p o i n t s  seem to emerge.  In  
p a r t i c u l a r  when one p r e s e n t s  i n f o r m a t io n  from two m o d a l i t i e s ,  which 
might  s p e c i f y  a s i n g l e  even t  th e  sen so ry  system a t t e m p t s  to  
i n t e g r a t e  them and produce a p e r c e p t  c o n s i s t e n t  w i th  them b o th .  
When th e  i n fo rm a t io n  a c t u a l l y  c o n f l i c t s  then  a compromise w i l l  be 
a t tem p ted  a l th o u g h  under  c e r t a i n  c i rc u m s tan c es  t h i s  compromise may 
be h e a v i l y  weighted  towards one m o d a l i ty  (dominance).  Secondly,  
th e  senso ry  systems ap p ea r  to  be adap ted  towards t h i s  k in d  o f  
i n t e g r a t i o n  p rocedu re .  Even, when s u b j e c t s  have  knowledge o f  th e  
s i t u a t i o n  o r  a r e  l e d  to  b e l i e v e  t h a t  they  a r e  be ing  p r e s e n t e d  w i th  
two independen t  and u n r e l a t e d  ev e n t s  the y  o f t e n  s t i l l  r e p o r t  
e x p e r i e n c in g  the  compromise p e r c e p t .  A l l  o f  t h i s  ev idence  l e n d s  
s t r o n g  s u p p o r t  to  th e  impor tance  o f  what Radeau and B e r t e l s o n  
(1977) termed t h e  ' s t r u c t u r a l '  f a c t o r s  o f  th e  s i t u a t i o n .  Although  
they  a r e  h e a v i l y  i n f l u e n c e d  from the  European s choo l  o f  psychology ,  
hence th e  G e s t a l t  i n t e r p r e t a t i o n  o f  t h e s e  f a c t o r s ,  the  s i m i l a r i t y
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between what they  r e g a rd  as  th e  ' s t r u c t u r a l '  i n f o r m a t io n  and th e  
i n v a r i a n t  ' h i g h e r - o r d e r ' s t im u lu s  v a r i a b l e s  ( c . f .  Gibson) and 
'amodal '  s t im u lu s  a t t r i b u t e s  ( c . f .  Bower) i s  e a s i l y  seen .  
However, a h y p o th e s i s  o f  t h i s  s o r t  l e a d s  to  a h o s t  o f  new 
q u e s t i o n s .  How can we c h a r a c t e r i s e  o r  r e p r e s e n t  t h i s  i n f o r m a t io n  
t h a t  i s  p icked  up a c r o s s  m o d a l i t i e s ?  Are t h e r e  g e n e r a l  r u l e s  
govern ing  t h i s  i n t e g r a t i o n  t h a t  app ly  a c r o s s  d i f f e r e n t  m u l t i -m oda l  
s i t u a t i o n s  and t a s k s ?  More s p e c i f i c a l l y  i n  terms o f  th e  p r e s e n t  
d i s c u s s i o n ,  a r e  t h e r e  developmenta l  changes i n  t h i s  r e g i s t r a t i o n  
a c r o s s  m o d a l i t i e s ?  F i n a l l y ,  what i s  t h e  r o l e  o f  o t h e r  ( c o g n i t i v e )  
f a c t o r s  on our  m ul t i -m oda l  p r o c e s s in g  a b i l i t y ?  Given t h a t  we know 
t h a t  l e a r n i n g  p la y s  a p a r t  i n  s i n g l e  m o da l i ty  p r o c e s s in g ,  i s  t h e r e  
an e q u i v a l e n t  component i n  c r o s s - m o d a l i t y  i n t e g r a t i o n ,  and a t  what 
l e v e l ?
This  s e c t i o n  has  moved th e  t h e o r e t i c a l  emphasis from one 
concerned w i th  g e n e r a l  models o f  c ross -modal  f u n c t i o n i n g  to  one o f  
concern  w i th  th e  s t im u lu s  c h a r a c t e r i s t i c s  and t a s k  demands o f  
p a r t i c u l a r  c ross -m odal  s i t u a t i o n s  i n  an a t t e m p t  to  a s c e r t a i n  th e  
n a t u r e  o f  t h e  i n fo rm a t io n  be ing  u t i l i s e d  and how i t  i s  p r o c e s s e d .  
More r e c e n t  t h e o r e t i c a l  a n a l y s e s  o f  c ross -m odal  f u n c t i o n i n g  i n  
i n f a n t s  and young c h i l d r e n  r e f l e c t  t h i s  change o f  emphasis and w i l l  
be d e s c r ib e d  i n  th e  n e x t  s e c t i o n .  The i m p l i c a t i o n s  o f  t h i s  
approach  i n  developmenta l  terms w i l l  be th e  main focus  o f  th e  
d i s c u s s i o n  and s p e c i f i c  hypo theses  proposed which w i l l  t h e n  form 
th e  s u b s t a n t i v e  p a r t  o f  th e  t h e s i s .
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Models o f  the Development o f  A u d io -v isu a l  P rocess ing
One o f  the  most r e c e n t  a t t e m p t s  to adopt  a f u n c t i o n a l  approach 
to  in te rm o d a l  r e l a t i o n s h i p s  was F r e id e s  (1974) .  B r i e f l y  h i s  
c o n c lu s io n s  a f t e r  an e x t e n s i v e  review o f  the  l i t e r a t u r e ,  much o f  
which has been cons ide re d  in  the  p rev ious  s e c t i o n ,  was t h a t  t h e r e  
a re  two modes o f  i n t e r s e n s o r y  p r o c e s s in g .  The f i r s t  i s  a modal 
s p e c i f i c  p rocess  i n  which each m oda l i ty  e x t r a c t s  i n fo rm a t io n  from 
the  s t im u lu s  a r r a y  which i s  c h a r a c t e r i s t i c  o f  t h a t  p a r t i c u l a r  
m o d a l i t y .  The second p ro c e s s  i s  an amodal one i n  which the  
m o d a l i t i e s  e x t r a c t  the  same o r  e q u i v a l e n t  i n fo rm a t io n  from the  
s t im u lu s  a r r a y  o f  each sen s e .  This  d i s t i n c t i o n  i s  very  f a m i l i a r  
and r e f l e c t s  much o f  the  p rev ious  d i s c u s s i o n .  The im por tan t  p o i n t  
t h a t  F r e id e s  makes however i s  t h a t  the  mode o f  o p e r a t i o n  adopted  
w i l l  be dependent  upon the  s t im u lu s  c h a r a c t e r i s t i c s  o f  th e  
s i t u a t i o n  p r e s e n te d  to the  organism. In p a r t i c u l a r  he proposed 
t h a t  i t  i s  the  i n fo rm a t io n  load o r  complex ity t h a t  de te rm ine s  
whether  a m o d a l - s p e c i f i c  o r  an amodal approach w i l l  be adop ted .
In complex s t im u lu s  environments  in v o l v in g  s p a t i o - t e m p o r a l  
p a t t e r n  p ro c e s s s in g  he s u g g e s t s  t h a t  i t  i s  modal s p e c i f i c  
i n fo rm a t io n  t h a t  i s  e x t r a c t e d .  Then i f  n e c e s s a ry  t h i s  i n f o r m a t i o n  
i s  recoded to the  m oda l i ty  most a p p r o p r i a t e  f o r  i t ' s  p r o c e s s i n g .  
Support  f o r  t h i s  h y p o th e s i s  comes from a number o f  s t u d i e s  
conducted by O'Connor and Hermelin (1979) who adopt  a s i m i l a r  p o i n t  
o f  view. From a review o f  the  l i t e r a t u r e  they argue  t h a t  the  
a u d i to r y  moda l i ty  i s  the  b e t t e r  sense  f o r  p ro c e s s in g  o f  tem pora l  
i n fo rm a t io n  and t h a t  the  v i s u a l  m oda l i ty  i s  the  b e t t e r  f o r  the
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p ro c e s s in g  o f  s p a t i a l  i n f o r m a t io n .  They compared groups o f  normal,  
deaf  and b l i n d  c h i l d r e n  i n  a v a r i e t y  o f  bimodal t a s k s  and o b ta in e d  
r e s u l t s  t h a t  were c o n s i s t e n t  w i th  the  h y p o th e s i s  t h a t  the  normal 
c h i l d r e n  were engaging in  c ross -m oda l  r e c o d in g .  For example,  i n  
one s tudy  w i th  normal and d e a f ,  11 to 12 y e a r  o l d s ,  the  c h i l d r e n  
were p r e s e n te d  v i s u a l l y  w i th  f i v e  i t ems i n  s u c c e s s io n  and
h o r i z o n t a l l y  s e p a r a t e d  from one a n o t h e r .  However, the  tempora l
p o s i t i o n  o f  an i tem never c o in c id ed  w i th  the  s p a t i a l  p o s i t i o n  o f  
the  i t em.  Two s e t s  o f  i t ems  were used ,  e i t h e r  nonsense s y l l a b l e s  
o r  pho tographs  o f  f a c e s .  The s u b j e c t ' s  t a s k  was to  remember the  
o r d e r  o f  p r e s e n t a t i o n  o f  the  i tems  which was t e s t e d  by p r e s e n t i n g  
two o f  the  i tems  and a sk ing  which occur red  f i r s t  i n  the  o r i g i n a l  
s e r i e s .  The r e s u l t s  were t h a t  the  h e a r i n g  c h i l d r e n  performed 
b e t t e r  than the  d e a f  on the  s y l l a b l e  i t em s ,  w hile  th e  d e a f  
performed b e t t e r  than the  h e a r i n g  c h i l d r e n  on the  p ho tog raphs .  
T he i r  i n t e r p r e t a t i o n  o f  the se  r e s u l t s  was t h a t  the  h e a r i n g  c h i l d r e n  
were u t i l i s i n g  a v e r b a l  o r  a u d i t o r y  code to  h e lp  them r e t a i n  the  
s e q u e n t i a l  o r d e r  in fo rm a t io n  on the  s y l l a b l e  i t ems  d e s p i t e  th e  f a c t  
t h a t  the  i tems were p r e s e n te d  v i s u a l l y .  This  s t r a t e g y  was n o t
a v a i l a b l e  to  the  d e a f  c h i l d r e n  no r  a v a i l a b l e  f o r  th e  face  s t i m u l i ,  
t h e r e f o r e  the  r e s u l t i n g  poo re r  per formance .  In a second s tudy  
h e a r i n g  c h i l d r e n  were compared on t h e i r  r e c o g n i t i o n  o f  e i t h e r  Roman 
( v e r b a l i s a b l e )  or  Arabic ( n o n - v e r b a l i s a b l e )  l e t t e r s ,  under  
p r e s e n t a t i o n  c o n d i t i o n s  where the  s p a t i a l  and temporal  o r d e r  were 
a ga in  n o t  congruen t .  The r e s u l t s  were c o n s i s t e n t  w i th  the  
v iewpoin t  t h a t  the  c h i l d r e n  were r e c o g n i s i n g  the  Roman l e t t e r s  i n  
t h e i r  temporal  o r d e r  and the Arabic l e t t e r s  i n  a p redom inan t ly  
s p a t i a l  o r d e r .  Since  in  the  f i r s t  o f  t h e se  s t u d i e s  the  p o o re r
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performance c o n d i t i o n s  were s t i l l  performed, b e t t e r  than chance then  
modal s p e c i f i c  i n f o rm a t io n  can be p icked up from the m oda l i ty  o f  
p r e s e n t a t i o n .  The dea f  c h i l d r e n  were a b l e  to  e x t r a c t  tempora l  
o r d e r  i n fo rm a t io n  from the  v i s u a l  p r e s e n t a t i o n .  However, i t  i s  
obvious from the  second s tudy  t h a t  th e  s t i m u l i  themselves  a l s o  
impose c o n s t r a i n t s  on the  coding s t r a t e g i e s  adopted .  T h e re fo re  
a l th o u g h  bo th  F r e id e s  and O'Connor and Hermelin t a l k  o f  
m o d a l - s p e c i f i c  in fo rm a t io n ,  s i n c e  i t  seems t h a t  a s u b s t a n t i a l  
amount o f  recod ing  to o t h e r  m o d a l i t i e s  t a k es  p la c e  i t  would perhaps  
be more a c c u r a t e  to  t a l k  o f  modal a p p r o p r i a t e  i n fo rm a t io n .
Conversely f o r  s imple i n fo rm a t io n  loa ds  amodal o r  nonmodal 
i n fo rm a t io n  i s  e x t r a c t e d ,  t h a t  i s  i n f o rm a t io n  common to  o r
e q u i v a l e n t  i n  a number o f  m o d a l i t i e s .  For  example,  s imple
d e t e c t i o n  o f  s i g n a l s  and u n i -d im e n s io n a l  d i s c r i m i n a t i o n s  o f  l e n g t h  
and d u r a t i o n  a r e  two o f  the  s o r t s  o f  t a s k s  t h a t  F r e id e s  d e s c r i b e s  
as  having  simple in fo rm a t io n  lo a d s .  The ev idence  h e r e  i s  t h a t  
cr .oss-modal t a s k s  o f  th e se  types  a r e  no more d i f f i c u l t  than  th e  
most d i f f i c u l t  o f  the  i n t r a - m o d a l  d i s c r i m i n a t i o n s  (M ilne r  and 
Bryant ,  1970; Rose, Blank and B r id g e r ,  1972). Thus s u b j e c t s  a r e  
e i t h e r  e x t r a c t i n g  the  same o r  e q u i v a l e n t  i n fo rm a t io n  from each
m oda l i ty  o r  e l s e  engaging in  some very  e f f i c i e n t  r ecod ing  from one
to  the  o t h e r .
The i m p l i c a t i o n s  o f  t h i s  f o r  ex p e r im en ta l  work a r e  q u i t e  
profound,  s i n c e  i n  g e n e r a l  the complexity  o f  the  s i t u a t i o n  i s  
de termined  by the  t a s k  t h a t  the exper im en te r  s e t s  the  s u b j e c t .  I f  
F r e id e s  i s  c o r r e c t  then i t  would be very  d i f f i c u l t  to  show
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cross -modal  r e l a t i o n s h i p s  i n  s i t u a t i o n s  in v o l v in g  complex 
in fo rm a t io n  p ro c e s s in g  s in c e  th e  s u b j e c t  i s  by and l a r g e  e x t r a c t i n g  
modal a p p r o p r i a t e  i n f o r m a t io n ,  which may th en  be recoded i n t o  some 
o t h e r  r e p r e s e n t a t i o n .  P r e s e n t  a s t r a i g h t f o r w a r d  t a sk  i n  a s im ple  
s i t u a t i o n  and you w i l l  more l i k e l y  observe  s t r o n g  r e l a t i o n s h i p s  
between the  m o d a l i t i e s .  E s s e n t i a l l y ,  F r e id e s  i s  s u g g e s t in g  t h a t  
t h e r e  a r e  d i f f e r r i n g  degrees  o r  l e v e l s  o f  i n t e g r a t i o n  between the  
d i f f e r e n t  sense  m o d a l i t i e s  and t h a t  they a r e  s i t u a t i o n  s p e c i f i c .  
This  view o f  c ross -modal  f u n c t i o n i n g  has a l s o  been proposed by a 
number o f  o t h e r  w r i t e r s ,  p a r t i c u l a r l y  by those  d e a l in g  s p e c i f i c a l l y  
w i th  the  development o f  a u d i o - v i s u a l  i n t e g r a t i o n .
Mendelson and Hai th  (1976) d e l i n e a t e d  a s i x  f o ld  c l a s s i f i c a t i o n  
o f  the  p o s s i b l e  r e l a t i o n s h i p s  between a u d i t o r y  and v i s u a l  
p ro c e s s in g .  Although they  were s p e c i f i c a l l y  concerned w i th  the  
p o t e n t i a l  l e v e l  o f  c o - o r d i n a t i o n  a t  b i r t h  t h e i r  scheme can a l s o  be 
viewed as a p r o t o t y p i c a l  course  o f  development s in c e  i t  has  w i t h i n  
i t  a sequence o r  h i e r a r c h i c a l  system o f  l e v e l s  o f  i n t e g r a t i o n  o f  
the  a u d i t o r y  and v i s u a l  s e n s e s .
The f i r s t  p o s s i b i l i t y  they  c o n s id e r  i s  t h a t  o f  no r e l a t i o n s h i p  
whatsoever between th e  m o d a l i t i e s  -  v i s i o n  and h e a r i n g  o p e r a t i n g  
q u i t e  independen t ly  o f  one a n o t h e r .  They contend t h a t  they 
inc luded  t h i s  p o s s i b i l i t y  only f o r  r ea s o n s  o f  com ple teness ,  i n  t h a t  
t h e r e  i s  s u b s t a n t i a l  ev idence  t h a t  i t  i s  n o t  the  case  even a t  
b i r t h .  The ev idence  they c i t e  i s  the  e f f e c t  o f  sound on i n f a n t  
scann ing  p a t t e r n s  o f  v i s u a l  s t i m u l i  from t h e i r  own l a b o r a t o r y  and 
a l s o  the o cu lo g y r i c  r e f l e x  (Turkewitz e t .  a l .  1966).  Thus v i s i o n
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and v i s u a l - m o t o r  c o n t r o l  i s  c e r t a i n l y  e f f e c t e d  a t  some l e v e l  by the  
p resence  o r  absence  o f  s im ul taneous  sound.
The second p o s s i b i l i t y  they c o n s id e r  i s  t h a t  o f  r e f l e x  
r e s p o n d in g , where in p u t  to  one m oda l i ty  produces a motor re sponse  
t h a t  consequen t ly  a f f e c t s  p ro c e s s in g  i n  a n o th e r  m o d a l i ty .  In  the  
a u d i t o r y - v i s u a l  case  t h i s  i s  e x em p l i f i ed  by the  changes i n  a u d i t o r y  
p r o c e s s in g  n e c e s s a r i l y  b rought about  by change i n  head p o s i t i o n  
dependent  upon v i s u a l  i n p u t ,  f o r  example t r a c k i n g  a moving 
s t im u lu s .  They a l s o  c o n s id e r  the  o cu lo g y r i c  r e f l e x  as the  
r e c i p r o c a l  example whereby th e  a u d i t o r y  s t im u lu s  produces  eye 
movements towards the  s t i m u lu s .  This  i n t e r p r e t a t i o n  i s  s l i g h t l y  
more c o n t e n t i o u s .  I f  i t  were head movements towards the  s t im u lu s  
one might  argue  t h a t  t h i s  -was simply an a r t e f a c t  o f  moving the  e a r s  
to p o s i t i o n  th e  a u d i t o r y  s t im u lu s  to  m id l in e ,  bu t  i s  l e s s  
p e r s u a s i v e l y  argued in  the  case  o f  eye movements on t h e i r  own. 
C e r t a i n l y  n e i t h e r  Bower ( l 9 7 4 a ,b )  or  Wertheimer (1961) would be 
happy w i th  t h i s  i n t e r p r e t a t i o n  o f  the  phenomenon. This  l e v e l  o f  
p ro c e s s in g  a l though  showing some in t e r -d e p e n d e n c e  o f  the  m o d a l i t i e s  
i s  a t  a much lower l e v e l  than t h a t  h y p o th e s i se d  in  the  t h e o r i e s  
co n s id e re d  e a r l i e r .  At t h i s  l e v e l  the  re sponse  to i n f o r m a t io n  in  
one m oda l i ty  i s  c o i n c i d e n t a l l y  changing the  s t im u lu s  a r r a y  
a v a i l a b l e  i n  the  second m o d a l i ty .
Next on t h e i r  l i s t  i s  what they term the o r i e n t a t i o n  r e a c t i o n . 
The dependence here  i s  t h a t  change o f  s t i m u l a t i o n  i n  one m o d a l i t y  
can a f f e c t  p ro c e s s in g  in  a l l  o t h e r  m o d a l i t i e s ,  i n  p a r t i c u l a r  i n  
in c re a s e d  s e n s i t i v i t y  and g e n e r a l  a l e r t n e s s .  ( c . f .  P i a g e t ' s  e a r l y
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accommodation where the  i n f a n t  a t t e m p t s  to  engage a l l  the senso ry  
systems s im u l ta n e o u s ly  consequent  upon s t i m u l a t i o n  o f  o n e . )  The 
i m p l i c a t i o n  i s  t h a t  the  e f f e c t  i s  very  g e n e r a l  and n o n - s p e c i f i c ,  
t h a t  i s  by and l a r g e  a l l  m o d a l i t i e s  a r e  a f f e c t e d .  Fur therm ore ,  i t  
would appear  to app ly  only  to  ' s t a r t l e *  s i t u a t i o n s  where the  i n t i a l  
s t im u lu s  change i s  e n t i r e l y  unexpec ted o r  very  marked.
The f o u r t h  p o s s i b i l i t y  they term to n i c  change in  a r o u s a l . This  
appea rs  to be v i r t u a l l y  the  converse  o f  the  p rev ious  p o s i t i o n .  The 
example they  quote  be ing  t a c t i l e  s t i m u l a t i o n  to the  i n f a n t  
p roduc ing  q u i e t i n g  and consequent  lower l e v e l s  o f  a u d i t o r y  and 
v i s u a l  p ro c e s s in g .  I t  would seem t h a t  t h i s  i s  n o t  a case  o f  
i n t e r - m o d a l  i n t e r a c t i o n  bu t  o f  one m oda l i ty  having p a r t i c u l a r  
c e n t r a l  nervous  system e f f e c t s  which i n  t u r n  have consequences  f o r  
a l l  o t h e r  sensory  sys tems .  Thus both  o f  th e se  l a s t  two 
a l t e r n a t i v e s  can be cons ide red  p a r t  o f  a more g e n e r a l  dependence o f  
the  s enso ry  m o d a l i t i e s  on c e n t r a l  nervous  system f u n c t i o n i n g  r a t h e r  
than d i r e c t  in t e rd e p e n d e n c e .  N e i t h e r  o f  them approaches  th e  type 
o f  c ross -modal  r e l a t i o n s h i p s  t h a t  pose problems f o r  t h e o r i e s  o f  
p e r c e p t u a l  development.  I t  must be emphasised however t h a t  
Mendelson and Haith  were s p e c i f i c a l l y  concerned w i th  d i s c u s s i o n  o f  
the  n e o n a t a l  p e r io d .  I t  might w e l l  be the  case t h a t  th e  
p o s s i b i l i t i e s  o u t l i n e d  above a r e  the  normal modes o f  o p e r a t i o n  a t  
t h a t  age.
I t  i s  on ly i n  t h e i r  f i f t h  a l t e r n a t i v e  t h a t  Mendelson and H aith  
o u t l i n e  a l e v e l  o f  r e l a t i o n s h i p  t h a t  has d i r e c t  b e a r i n g  on the  
p r e s e n t  d i s c u s s i o n ,  t h i s  they term c a t e g o r i c a l  o r g a n i z a t i o n . At
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t h i s  l e v e l ,  i n fo rm a t io n  e x t r a c t e d  from one m oda l i ty  c o n s t r a i n s  o r  
b i a s e s  a d i f f e r e n t  m oda l i ty  to be s e n s i t i v e  to  e q u i v a l e n t  o r  
a s s o c i a t e d  in fo rm a t io n  i n  th e  s t im u lu s  a r r a y  p r e s e n te d  to the  
second m o d a l i ty .  Thus th e  organism might p ick  up in f o r m a t io n  
r e g a rd in g  the t e x t u r e  o r  shape o f  an o b j e c t  bo th  v i s u a l l y  and 
f a c t u a l l y  and the  r e g i s t r a t i o n  o f  t h i s  i n fo rm a t io n  would be common 
to  bo th  s e n s e s .  S i m i l a r l y ,  rhythm in fo rm a t io n  would be e x t r a c t e d  
from o b j e c t s  t h a t  d i s p la y e d  an e q u i v a l e n t  temporal  p a t t e r n  o f  
change bo th  v i s u a l l y  and a u d i t o r a l l y .  In e ssence ,  Mendelson and 
Haith  a r e  p ropos ing  the  p r o c e s s in g  o f  the  amodal p r o p e r t i e s  o f  
o b j e c t s  o r  e v e n t s .  A d d i t i o n a l l y  a t  t h i s  l e v e l  they in c l u d e  th e  
p o s s i b i l i t y  o f  some form o f  c ross -modal  r e l a t i o n s h i p  between fa c e  
and vo ice  s t i m u l i  to which i n f a n t s  may be s e n s i t i v e ,  bu t  they  do 
n o t  e l a b o r a t e  on i t .
The l a s t  a l t e r n a t i v e  they  c o n s id e r  i s  the  t im e - s h a r in g  o p t i o n .  
Here what they a r e  p ropos ing  i s  a mode o f  f u n c t i o n in g  ana logous  to 
t h a t  used by l a r g e  mainframe computers .  I n s t e a d  o f  runn ing  a 
s i n g l e  program to comple t ion ,  th e s e  machines r a p i d l y  s h i f t  programs 
i n t o  and out  o f  v a r io u s  memory banks to  the  c e n t r a l  p r o c e s s o r ,  thus  
runn ing  a number o f  programs p s e u d o - s im u l ta n e o u s ly . Mendelson and 
H aith  sugges t  t h a t  d u r ing  a u d i t o r y - v i s u a l  p ro c e s s in g  the i n f a n t  may 
simply  be r a p i d l y  sw i tc h in g  between m o d a l i t i e s .  This  i d e a ,  
a l th o u g h  perhaps  a p p e a l in g  f o r  d e a l in g  wi th  the  i s s u e s  o f  
mul t i -m odal  p ro c e s s in g  and o f  whe ther  the  newborn i n f a n t  has  the  
c a p a c i t y  to  p rocess  more than  one o r  two s ou rces  o f  i n f o r m a t io n  
s im u l ta n e o u s ly ,  i s  l a r g e l y  i r r e l e v a n t  to the  i s s u e  o f  c ro s s -m oda l  
p ro c e s s in g  and in t e r -m o d a l  i n t e g r a t i o n .  Although i t  would be th e
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case t h a t  an i n f a n t  o p e r a t i n g  in  t h i s  mode would be p r o c e s s in g  the  
i n f o rm a t io n  in d e p en d en t ly  i n  d i s c r e t e ,  s e p a r a t e  i n t e r v a l s  o f  t ime,  
the  senso ry  systems might n o t  be o p e r a t i n g  as f u n c t i o n a l l y
independen t .  The i n t e r a c t i o n s  between the  m o d a l i t i e s  t h a t  have 
been d e s c r ib e d  e a r l i e r  could s t i l l  be o c c u r r i n g ,  t h a t  i s  a v i s u a l  
in p u t  which i s  be ing  p rocessed  a t  t ime one might  b i a s  o r  s e n s i t i s e
th e  a u d i t o r y  system o r  whatever  m oda l i ty  i s  the  n e x t  to be
a n a ly se d .
T h e i r  own r e s e a r c h  concerned the  scann ing  p a t t e r n s  o f  1 to 4 
day o ld  neona te  humans i n  a v a r i e t y  o f  v i s u a l  env i ronm ents .  For  
example they found i n f a n t s  to show b e t t e r  eye c o n t r o l  i n  a l i t  b u t  
fo rm less  v i s u a l  f i e l d  than they did  in  th e  d a rk .  That i s  they  had 
s m a l l e r  eye movements and were more c e n t r a l l y  f i x a t e d .  S i m i l a r l y ,  
they showed b e t t e r  eye c o n t r o l  when the  v i s u a l  s t im u lu s  was a 
c e n t r a l  v e r t i c a l  edge than  when i t  was a h o r i z o n t a l  edge.  More
p e r t i n e n t l y  they a l s o  in c luded  c o n d i t i o n s  where a sound was 
p r e s e n te d  to the  i n f a n t  i n  a d d i t i o n  to the  v i s u a l  s t im u lu s ,  i n  an 
a t t e m p t  to e l u c i d a t e  the  p o t e n t i a l  a u d i o - v i s u a l  i n t e r a c t i o n s  
o c c u r r i n g  in  the  newborn p e r io d  and t h a t  have j u s t  been d e s c r i b e d .  
In g e n e r a l ,  p r e s e n t a t i o n  o f  the  sound a f f e c t e d  the  scan n in g  
p a t t e r n s  i n  two ways. F i r s t l y ,  the  i n f a n t s '  scans  were i n t i a l l y  
d i r e c t e d  towards and then away from the  sound. Secondly,  the  scans  
were much l e s s  widely  d i s p e r s e d  dur ing  the  sound c o n d i t i o n s ,  t h a t  
i s  they c l u s t e r e d  more t i g h t l y  round the  v i s u a l  s t im u lu s ,  than  
d u r ing  the  s i l e n t  c o n d i t i o n s .  However, they found no d i f f e r e n c e s  
dependent  on whether  the  sound was a v o ic e  o r  a tone .  (The v i s u a l  
s t im u lu s  was e i t h e r  s t r i p e s  o r  a b a r . )  T h e i r  i n t e r p r e t a t i o n  o f
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t h e se  r e s u l t s  was t h a t  they  were t a pp ing  a g e n e r a l  in f o r m a t io n  
a c q u i s i t i o n  p rocess  f o r  the  v i s u a l  system and t h a t  t h i s  r o u t i n e  i s  
suppor ted  by the  e f f e c t s  o f  the  sound.  That i s  they a re  s u g g e s t in g  
t h a t  the  sound i n c r e a s e s  th e  p r o b a b i l i t y  t h a t  the  scann ing  r o u t i n e  
w i l l  l a t c h  onto  a scannab le  form. Two p i e c e s  o f . e v id e n c e  l e ad  them 
to b e l i e v e  t h a t  t h i s  e f f e c t  o f  the  sound i s  no t  s imply a r e f l e x i v e  
response  o r  an o r i e n t a t i o n  o r  a r o u s a l  re sp o n se .  F i r s t l y ,  the
d i r e c t i o n a l  response  a l th o u g h  i n t i a l l y  towards  the  loc us  o f  the
sound was n o t  u n i v e r s a l l y  so over  a l l  t h e i r  s u b j e c t s  and in  
a d d i t i o n  was su b se q u en t ly  d i r e c t e d  away from the  sound a f t e r  the  
i n t i a l  p e r io d .
' . . .  newborns e v e n t u a l l y  f i x a t e d  away from the  
sound,  perhaps  i n  s e a rc h  o f  a v i s u a l  change 
in  a d i f f e r e n t  p l a c e .  '
(Mendelson and H a i th ,  1976, p .71 )
Secondly the  sound did  no t  n e c e s s a r i l y  i n c r e a s e  eye opening o r  
o t h e r  r e sponses  normal ly  a s s o c i a t e d  with  in c r e a s e d  a r o u s a l .  They 
concluded t h a t  t h e i r  d a t a  r e f l e c t  a f u n c t i o n a l  r e l a t i o n s h i p  between 
v i s i o n  and a u d i t i o n  i n t e g r a t i n g  them on the  b a s i s  o f  a common
s p a t i a l  o r g a n i s a t i o n .  They s t r e s s  however t h a t  t h i s  co r respondence  
i s  only i n  terms o f  g e n e r a l  p r o c e s s in g ,  t h e r e  i s  no ev idence  f o r  
any cor respondence  between th e  c o n t e n t  o f  the  two m o d a l i t i e s ,
c e r t a i n l y  du r ing  the  n e o n a t a l  p e r io d .  The i m p l i c a t i o n  i s  however
t h a t  such f u r t h e r  i n t e g r a t i o n  between th e se  sensory  systems _is
dependent  on t h i s  i n t i a l  s p a t i a l  o r g a n i s a t i o n .  Thus the  b e g in n in g s
o f  a u d i o - v i s u a l  i n t e g r a t i o n  a r e  a t  some minimal l e v e l  o f
' c a t e g o r i c a l  o r g a n i s a t i o n ' .  More complex i n t e g r a t i o n s  o r
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a s s o c i a t i o n s  deve lop ing  a t  some l a t e r  age.
Mendelson and H a i t h ' s  i s  a much more a n a l y t i c a l  approach  to 
a u d i o - v i s u a l  i n t e g r a t i o n  than  any o f  the  o t h e r  t h e o r i e s  so f a r  
co n s id e r e d .  They r i g h t l y  s t r e s s  t h a t  the  i n t e r a c t i o n  between the  
v i s u a l  and a u d i to r y  systems can be seen  to  occur  a t  d i f f e r e n t  
l e v e l s  o f  o p e r a t i o n ,  and t h a t  d a t a  can be found to suppo r t  each o f  
t h e se  c o n c e p t u a l i s a t i o n s .  However they then f a i l  to app ly  t h i s  
approach to the most im p o r tan t  type o f  r e l a t i o n s h i p ,  the  one they 
term c a t e g o r i c a l  o r g a n i z a t i o n .  F u r t h e r  the  r e s u l t s  from t h e i r  
exper iments  b e a r  only on the  d i s c u s s i o n  as to whether  a u d i o - v i s u a l  
i n t e g r a t i o n  a t  t h i s  p e r io d  i s  s o l e l y  r e f l e x i v e  o r  more complexly 
o rg a n i s e d .  The f a c t  they  t h a t  they f i n d  i t  to be a complex 
r e l a t i o n s h i p  does n o t  a l low them to a dd re s s  th e  n a t u r e  o f  t h i s  
complex ity .  They cannot  e l u c i d a t e  on whether ,  o r  to what e x t e n t  
the  c o n te n t  o f  the  i n f o rm a t io n  i n  each m oda l i ty  p la y s  a r o l e  
because they f a i l e d  to p rov ide  s t im u lu s  m a t e r i a l  t h a t  would a l low  a 
cor respondence  o f  t h a t  type to m a n i f e s t  i t s e l f .  Although t h e i r  
co n c lu s io n  o f  a u d i t i o n  p ro v id in g  d i r e c t i o n a l  i n f l u e n c e s  on v i s u a l  
scann ing  seems r e a s o n a b le  t h e i r  co n c lu s io n  t h a t  the  f u n c t i o n  o f  
t h i s  i s  to  i n c r e a s e  the  p r o b a b i l i t y  o f  d e t e c t i n g  changes i n  th e  
v i s u a l  f i e l d  does n o t .  Two a s p e c t s  o f  t h e i r  d a t a  a r e  d i f f i c u l t  to 
r e c o n c i l e  w i th  t h i s  v ie w po in t .  F i r s t l y ,  the  sound produced s i m i l a r  
e f f e c t s  on scanning  in  t h e  dark as w e l l  as  in  the  l i g h t ,  and 
secondly  the  i n f a n t s  a f t e r  a s h o r t  p e r io d ,  d i r e c t e d  t h e i r  scann ing  
c o n t r a l a t e r a l l y  to the  sound.  I t  i s  d i f f i c u l t  to see  why t h i s  
should occur  i f  they have ach ieved a g e n e r a l  cor respondence  between 
sound and v i s i o n  on a p u re ly  s p a t i a l  b a s i s .  The n e x t  two
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f u n c t i o n a l  approaches  to  c ross -modal  p ro c e s s in g  e l a b o r a t e  on t h i s  
n o t i o n .
H a r r i s  (1979) a l s o  i n t r o d u c e s  the  i d e a  o f  t h e r e  be ing  l e v e l s  o f  
in t e r -m o d a l  o r g a n i s a t i o n .  The f i r s t  (and low es t )  i s  one i n  which 
in fo rm a t io n  i n  one m oda l i ty  s p e c i f i e s  d i r e c t i o n a l  i n fo rm a t io n  f o r  a 
second ( o r  t h i r d )  senso ry  system. This co r responds  to Mendelson 
and H a i t h ' s  s p a t i a l  o r g a n i s a t i o n  o f  v i s i o n  and h e a r i n g .  H a r r i s  
a l s o  quo tes  the  sound l o c a l i s a t i o n  and ocu lo-m otor  r e s p o n s e s  to 
sound as be ing  i n d i c a t i v e  o f  t h i s  b a s i c  l e v e l  o f  i n t e g r a t i o n .  The 
n e x t  s t a g e  he s u g g e s t s  i s  one where in fo rm a t io n  i n  one m o d a l i ty  
l e a d s  to  a n t i c i p a t i o n  o r  e x p e c t a t i o n  o f  i n f o rm a t io n  i n  a n o t h e r  
m o d a l i t y .  For example v i s u a l  i n f o rm a t io n  might  l e ad  to the  g e n e r a l  
expectancy o f  t a c t u a l  i n fo rm a t io n  upon r eac h in g  to the  lo c u s  o f  th e  
v i s u a l  in fo rm a t io n .  . Or i n  the  a u d i o - v i s u a l  domain, l a t e r a l l y  
p r e s e n te d  a u d i to r y  in f o r m a t io n  r e s u l t i n g  in  the  e x p e c t a t i o n  o f  
v i s u a l  feedback upon a p p r o p r i a t e  o r i e n t a t i o n .  The t h i r d  (and 
h i g h e s t )  l e v e l  o f  i n t e g r a t i o n  H a r r i s  c o n s id e r s  i s  t h a t  where 
in fo rm a t io n  i n  one m oda l i ty  l e a d s  to s p e c i f i c  e x p e c t a t i o n s  about  
the  in fo rm a t io n  to  be de r ived  from a second.  Thus i n  t h e  
r e l a t i o n s h i p  between v i s i o n  and touch ,  shown a v i s u a l  o b j e c t ,  say  a 
cube,  th e  organism would expec t  the  t a c t u a l  i n fo rm a t io n  to  d e s c r i b e  
a s o l i d  o b j e c t  w i th  a p a r t i c u l a r  o r g a n i s a t i o n  o f  a n g l e s .  
S i m i l a r l y ,  an a u d i to r y  sequence o f  a p a r t i c u l a r  rhythm would be 
a s s o c i a t e d  wi th  a v i s u a l  o b j e c t  d i s p l a y i n g  i d e n t i c a l  tempora l  
behav iour .
From h i s  review o f  the  ev idence  H a r r i s  concludes  t h a t  t h e r e  i s
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s t r o n g  s u p p o r t  f o r  th e  view t h a t  th e  f i r s t  l e v e l  o f  i n t e g r a t i o n  i s  
p r e s e n t  from a very  e a r l y  age,  the  n e o n a t a l  p e r io d ,  f o r  a u d i t i o n  
and v i s i o n  -  r e sponses  to  l a t e r a l l y  p r e s e n te d  sounds (Wertheimer,  
1961; Mendelson and H a i th ,  1976) and a l s o  f o r  v i s i o n  and touch 
r eac h in g  f o r  d i s p l a c e d  o b j e c t s  (Bower e t .  a l . ,  1970c.)  ( i t  must 
be emphasised t h a t  o t h e r s  n o ta b ly  Bower, would i n f e r  a much h ig h e r  
l e v e l  o f  i n t e g r a t i o n  from the  same s t u d i e s . )  Fur therm ore ,  H a r r i s  
concludes  t h a t  from the  middle o f  th e  f i r s t  y e a r  t h e r e  i s  some 
ev idence  f o r  the  t h i r d  l e v e l  o f  i n t e g r a t i o n ,  bo th  i n  the  
v i s u a l / t a c t u a l  domain, from s t u d i e s  a l r e a d y  reviewed -  Bryant  e t .  
a l .  (1972) and G o t t f r i e d  e t . a l .  (1977) as w e l l  as  i n  a u d i t i o n  and 
v i s i o n  (Lyons-Ruth,  1977; Spelke ,  1976).  (These l a t t e r  two 
s t u d i e s  w i l l  be reviewed i n  d e t a i l  l a t e r . )  However, i t  i s  n o t  
c l e a r  what the  s t a t u s  o f  the  second l e v e l  o f  i n t e g r a t i o n  has  o r  
where i t  f i t s  i n ,  s i n c e  the  a p p r o p r i a t e  ev idence  i s  a t  b e s t  
c o n t r a d i c t o r y .  The s u p p o r t iv e  ev idence  i s  l a r g e l y  based on the
' s u r p r i s e '  paradigm o u t l i n e d  e a r l i e r .  Thus a l th o u g h  Bower e t .  a l .  
( 1970b) found ev idence  f o r  expec tancy  i n  th e  v i s u a l / t a c t u a l  s t u d i e s  
they  c a r r i e d  ou t  and Aronson and Rosenblum (1971) in  t h e i r
a u d i t o r y / v i s u a l  s t u d i e s ,  th e s e  f i n d i n g s  have proved d i f f i c u l t  to
r e p l i c a t e  (Gordon and Yonas, 1976; F i e l d ,  1977 and McGurk and 
Lewis, 1974 ; Condry, Haltom and N e i s s e r ,  1977)*
A l l  t h r e e  l e v e l s  t h a t  H a r r i s  has  proposed f a l l  w i t h i n  th e  
' c a t e g o r i c a l  o r g a n i z a t i o n '  r e l a t i o n s h i p  o u t l i n e d  by Mendelson and 
H a i th  (1976) .  However, he i n t r o d u c e s  a f u r t h e r  c o n c e p tu a l  and 
e m p i r i c a l  d i f f e r e n t i a t i o n  o f  types  o f  c ross -modal  i n t e g r a t i o n  t h a t  
appea rs  p romis ing .  In  a d d i t i o n ,  t h e r e  i s  a l s o  a h y p o th e s i s  o f  some
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form of  developmenta l  p r o g r e s s  through th e se  d i f f e r e n t  l e v e l s .  
Although n o t  e x p l i c i t l y  s t a t e d  t h e r e  i s  an i m p l i c a t i o n  t h a t  H a r r i s  
s e e s  t h e s e  d i f f e r e n t  l e v e l s  o f  c ross -modal  o r g a n i s a t i o n  i n  a 
h i e r a r c h i c  f a s h i o n  and t h a t  the  h ig h e r  l e v e l s  a re  in  some sense  
dependent  upon th e  lower .
The h y p o th e s i s  t h a t  the  h ig h e r  l e v e l s  o f  a u d i o - v i s u a l  
i n t e g r a t i o n  a r e  t e m pora l ly  dependent  on the  p a r t i c u l a r  s p a t i a l  
o r g a n i s a t i o n  o f  th e  s e n s e s  i s  a l s o  proposed by B u t t e rw or th  ( 1 9S0).  
As wi th  H a r r i s  (1979) and Mendelson and Hai th  (1976) he s e e s  the  
'ev idence  from n e o n a t a l  re sponse  to  sound as i n d i c a t i v e  o f  a 
f u n c t i o n a l  o r g a n i s a t i o n  o f  the  se n s e s  as w e l l  as  a s t r u c t u r a l  
dependence between them. His argument i s  t h a t  a l th o u g h  some 
s t u d i e s  (Wertheimer,  1961; Mendelson and H a i th ,  1976) have shown 
i p s i l a t e r a l  eye o r  head movements i n  response  to l a t e r a l l y  
p r e s e n te d  sound,  o t h e r  exper iments  show a l e s s  c o n s i s t e n t  p a t t e r n  
o f  behav iour ,  i n c lu d i n g  no re sponses  and even c o n t r a l a t e r a l  
r e sponding  (Turkewitz ,  e t .  a l .  1966; B u t t e rw o r th  and C a s t i l l o ,  
1977; McGurk e t .  a l . ,  1977)* Thus the  i p s i l a t e r a l  r e sp o n se  
cannot  be merely r e f l e x i v e ,  i f  i t  were i t  would presumably always 
occur .  Secondly,  i t  cannot  be based on a l e a rn e d  sen se  o f  
a s s o c i a t i o n s ,  s i n c e  i t  occurs  immediate ly  a f t e r  b i r t h .  
B u t t e r w o r t h ' s  h y p o th e s i s  i s  t h a t  t h i s  e a r l y  r e l a t i o n s h i p  between 
th e s e  m o d a l i t i e s  i s  due to the n a t u r e  o f  a u d i to r y  l o c a l i s a t i o n .  In 
p a r t i c u l a r ,  he a rgues  t h a t  memory f o r  p o s i t i o n  based on a u d i t o r y  
in fo rm a t io n  i s  f r a g i l e ,  t r a n s i t o r y  and v a r i a b l e  s in c e  i t  depends on 
smal l  d i f f e r e n c e s  in  t ime,  phase and i n t e n s i t y  to the  two e a r s .  
Fur thermore sounds a r e  i n v a r i a b l y  s h o r t  i n  d u r a t i o n  and 'go o f f '  i n
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a way t h a t  v i s u a l  o b j e c t s  d o n ' t .  The cues s p e c i f y i n g  p o s i t i o n  from 
a u d i t o r y  i n fo rm a t io n  va ry  as the  o b s e r v e r ' s  p o s i t i o n  changes i n  
r e l a t i o n  to  the  sound so u rce .  He s u g g e s t s  t h e r e f o r e  t h a t  v i s i o n  
i n t i a l l y  p ro v id es  a s u p p o r t i v e  r o l e  f o r  a u d i t o r y  l o c a l i s a t i o n .  
That  i s - o n c e  a sound i s  l o c a l i s e d  i t  can be ' a t t a c h e d '  to an o b j e c t  
i n  the v i s u a l  f i e l d  o r  l o c a l i s e d  i n  r e l a t i o n  to  o b j e c t s  i n  th e
v i s u a l  f i e l d .
As do H a r r i s  (1979) and Mendelson and Haith  (1976) ,  he p roposes  
t h a t  c e r t a i n l y  i n  the  n e o n a t a l  p e r io d  t h i s  o r g a n i s a t i o n  o f  the
-senses i s  independen t  o f  the  c o n te n t  o f  the  i n fo rm a t io n  from the
m o d a l i t i e s .  The i n f a n t  does n o t  i n t i a l l y  expec t  to see  a
p a r t i c u l a r  o b j e c t  o r  type o f  o b j e c t  consequent  upon a u d i t o r y  
s t i m u l a t i o n .  However, i t  i s  from the  i n t e r a c t i o n  a t  t h i s  l e v e l  
t h a t  such e x p e c ta n c i e s  do a r i s e .  The h ig h e r  l e v e l s  o f  c o o r d i n a t i o n  
o f  the s enses  be ing  based on 'knowledge o f  in te rm oda l  e q u i v a l e n c e ' .
B u t t e rw o r th  i n t r o d u c e s  two p o s s i b i l i t i e s  a t  t h i s  l e v e l  o f  
i n t e g r a t i o n .  He d i f f e r e n t i a t e s  between the  d e t e c t i o n  o f  i n t e rm o d a l  
eq u iva lence  and the  a n t i c i p a t i o n  between m o d a l i t i e s ,  t h a t  i s  the  
i n f a n t  exp ec t in g  in fo rm a t io n  o f  a p a r t i c u l a r  type i n  one m o da l i ty  
dependent  upon the  s t i m u l a t i o n  from the  f i r s t .  S ince the  l a t t e r  
r e q u i r e s  some memory f o r  what the  i n fo rm a t io n  should be 
r e c o g n i t i o n  memory, then  t h i s  might be d i f f i c u l t  to  show o r  f i n d  in  
i n f a n t s  l e s s  than  t h r e e  o r  f o u r  months o ld .  The s t a n d a r d  
h a b i t u a t i o n  paradigm , which i s  used to dem ons t ra te  i n f a n t  memory 
has  o f t e n  f a i l e d  to ach ieve  h a b i t u a t i o n  to s t i m u l i  i n  i n f a n t s  
younger  than  t h i s  age (Cohen and Gelber ,  1975; McGurk, 1977)*
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However, i t  must be th e  case t h a t  d e t e c t i o n  deve lopm en ta l ly
p recedes  a n t i c i p a t i o n .  That  i s  the  i n f a n t  must have p r e v io u s l y
r e p r e s e n t e d  the  in te rm oda l  r e l a t i o n s h i p  to a n t i c i p a t e  i t  i n  a 
f u r t h e r  c i rc u m s tan c e .  B u t t e rw o r th ,  q u i t e  c o r r e c t l y ,  says  t h a t
t h e s e  two p ro c e s s e s  have n o t  been c l e a r l y  d e l i n e a t e d  i n  th e  
l i t e r a t u r e ,  and i n  f a c t  have o f t e n  been confused .  P a r t  o f  the  
problem has been t h a t  th e  s t u d i e s  t h a t  have i n v e s t i g a t e d  the 
d e t e c t i o n  p ro c e s s  have tended to use  the  d i s r u p t i o n  paradigm,
comparing the  i n f a n t ' s  b ehav iou r  under  c o n d i t i o n s  o f  congruen t  and
incong ruen t  ( g e n e r a l l y  s p a t i a l )  in fo rm a t io n .  With t h i s  t h e r e  a r e  
two d i f f i c u l t i e s .  F i r s t l y  th e  ev idence  i s  c o n t r a d i c t o r y  as  to 
whether  any d i s r u p t i o n  occurs  ( v i z .  Aronson and Rosenblum, 1971 
v e r s u s  McGurk and Lewis,  1974; Condry, Haltom and N e i s s e r ,  1977)* 
Second, i n f a n t s  may e x p e r i en ce  the  v i s u a l  dominance,  and subsequen t  
c a p t u r e ,  o f  a u d i t o r y  s p a t i a l  i n fo rm a t io n  t h a t  a d u l t s  do (P ick ,  
1970).  I f  th e  i n f a n t  s u b j e c t i v e l y  l o c a t e s  the  a u d i to r y  s t im u lu s  a t  
the  v i s u a l  s t im u lu s  when th e  two a r e  s p a t i a l l y  s e p a r a t e d  then  t h e r e  
w i l l  be no in c o n g ru i t y  and hence no d i s r u p t i o n  o f  b e hav iou r  should  
be expec ted .  However, no d i s r u p t i o n  would a l s o  be c o n s i s t e n t  w i th  
a h y p o th e s i s  o f  independen t  p r o c e s s in g  o f  the  a u d i t o r y  and v i s u a l  
s t im u lu s  s o u r c e s .  Thus the  ev idence  o f  t h i s  s o r t  o f  s tu d y  i s  
almost  i n e v i t a b l y  i n c o n c l u s i v e .  As B u t t e rw or th  p o i n t s  o u t ,  a n o t h e r  
d i f f i c u l t y  i s  t h a t  s t u d i e s  have tended to r e l y  on th e  m a n ip u la t io n  
o f  the r e l a t i v e  s p a t i a l  p r o p e r t i e s  between th e  s e n s e s ,  r a t h e r  than 
look a t  the  r e l a t i o n s h i p  between th e  m o d a l i t i e s  where the  
in fo rm a t io n  from each sense  s p e c i f i e s  something about  the  o b j e c t  o r  
even t  o t h e r  than p o s i t i o n  i n  space .  This  over  r e l i a n c e  on s p a t i a l  
p r o p e r t i e s  has  I b e l i e v e  im p o r tan t  consequences  f o r  the  s tu d y  o f
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in t e rm o d a l  r e l a t i o n s h i p s  which a l s o  app ly  to  o t h e r  s t im u lu s  
c h a r a c t e r i s t i c s ,  but  t h i s  w i l l  be e l a b o r a t e d  on i n  the  fo l l o w in g  
s e c t i o n .
In  summary then ,  B u t t e rw o r th  i s  p ropos ing  t h a t  because  o f  the  
p h y s i c a l  o r g a n i s a t i o n  o f  the  sense  organs  and th e  f a c t  t h a t  s i g h t s  
and sounds o f  o b j e c t s  a r e  s p a t i a l l y  c o lo c a te d  then t h e r e  i s  
n e c e s s a r i l y  a s t r o n g  p h y s i c a l  and f u n c t i o n a l  r e l a t i o n s h i p  between 
a u d i t i o n  and v i s i o n .  Fur thermore  t h i s  r e l a t i o n s h i p  promotes the  
d e t e c t i o n  o f  eq u iv a le n c e ,  o r  commonali ty i n  the  i n f o rm a t io n  s t ream s  
from both  m o d a l i t i e s ,  which in  t u r n  l e a d s  to  a n t i c i p a t i o n  a c r o s s  
m o d a l i t i e s ,  from a u d i t i o n  to  v i s i o n  and from v i s i o n  to a u d i t i o n .
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A H i e r a r c h i c a l  Model o f  A u d i t o r y - v i s u a l  I n t e g r a t i o n
From t h i s  review a number o f  common themes can be seen  to be 
emerging.  In p a r t i c u l a r ,  w i th  rega rd  to a u d i t i o n  and v i s i o n ,  the  
r e s e a r c h  on i n f a n t s  appea rs  to be r eac h in g  a consensus  on e a r l y  
development.  Both H a r r i s  (1979) and B u t t e rw or th  (1980) see  as a 
c r u c i a l  a s p e c t  the  s p a t i a l  o r g a n i s a t i o n  o f  the  s e n s e s ,  which 
v i r t u a l l y  de te rm ines  t h a t  the  organism p rocess  i n  bo th  m o d a l i t i e s  
s im u l ta n e o u s ly .  F u r t h e r ,  t h i s  l e v e l  o f  o r g a n i s a t i o n  has 
s i m i l a r i t i e s  w i th  th e  P i a g e t i a n  id e a  o f  the  i n f a n t  a t t e m p t in g  to 
a s s i m i l a t e  i n fo rm a t io n  to  a l l  the  s en s e s  a t  the  same t ime .  
Although n e i t h e r  H a r r i s  no r  B u t t e rw o r th  emphasises t h i s  a s p e c t  
t h e r e  a r e  a l s o  s i m i l a r i t i e s  w i th  the  o r i e n t a t i o n  and a r o u s a l  
concep t ions  i n  c ross -modal  p r o c e s s in g .  One o f  the  r e l a t i o n s h i p s  
proposed by Mendelson and Hai th  (1976) invo lved  c e n t r a l  nervous  
f u n c t i o n i n g ,  and as was shown p re v io u s l y  t h e r e  i s  a l a r g e  body o f  
ev idence  from the  a d u l t  l i t e r a t u r e  d em ons t ra t ing  e f f e c t s  o f  t h i s  
type where s t i m u l a t i o n  i n  one m oda l i ty  l e a d s  to i n c r e a s e d  
e f f i c i e n c y  (and o c c a s i o n a l l y  i n e f f i c i e n c y )  in  the  p r o c e s s in g  o f  
an o th e r  ( see  t h i s  c h a p t e r  pp 21-23)* W arren 's  r e s e a r c h  (1970) a l s o  
dem onst ra te s  th e  s u p p o r t iv e  r o l e  o f  v i s i o n  f o r  a u d i t o r y  
l o c a l i s a t i o n  which i s  e x a c t ly  the  argument proposed by B u t t e rw o r th  
f o r  the  in fancy  d a t a .  This  l e v e l  o f  i n t e g r a t i o n  because  i t  i s  
based on the  p h y s i c a l  o r g a n i s a t i o n  o f  the  sense  organs  and the  way 
the  world i s  c o n s t r u c t e d ,  t h a t  i s  th e  c o l o c a t i o n  o f  sounds and 
t h e i r  a s s o c i a t e d  o b j e c t s ,  cannot  p r o p e r ly  be cons t rued  as i n n a t e . 
However, th e  o r i e n t a t i o n  o r  a r o u s a l  r e l a t i o n s h i p  could w e l l  be 
c o n c e p tu a l i s e d  i n  t h e se  te rms,  given  the  m ode l ' s  b i o l o g i c a l
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em phasis, i f  i t  could he demonstrated to operate from b ir th .
At t h i s  l e v e l  o f  o p e r a t i o n  no mention has  been made o f  the  
c o n te n t  o f  the  i n fo rm a t io n  i n  e i t h e r  m o d a l i ty ,  a p a r t  from one sm al l  
a s p e c t ,  t h a t  o f  the  p h y s i c a l  pa ram ete r s  o f  the  i n fo rm a t io n  s t ream s  
r e l a t e d  to t h e i r  l o c a t i o n  i n  space .  Although t h i s  l o c a t i o n  
i n fo rm a t io n  i s  a powerful  d e t e rm in a n t  o f  whether  v i s u a l  and 
a u d i t o r y  in fo rm a t io n  be long  to the  same o b j e c t  o r  ev en t ,  i t  i s  
c e r t a i n l y  n o t  s u f f i c i e n t .  The q u e s t i o n  o f  i d e n t i t y  i n  th e  s e p a r a t e  
in fo rm a t io n  s tr eam s must be d e a l t  . w i th  a t  h ig h e r  l e v e l s  o f  
i n t e g r a t i o n .
A l l  t h r e e  models proposed in  th e  l a s t  s e c t i o n  (Mendelson and 
H a i th ,  1976; H a r r i s ,  1979; and B u t t e rw or th ,  1980) ag ree  by and 
l a r g e  on the  phenomena to be e x p la in e d .  The d i f f e r e n c e s  between 
them l i e  mainly on when i n f a n t s  show th e  d i f f e r i n g  d eg ree s  o f  
c ross -modal  o r g a n i s a t i o n ,  what f a c t o r s  de te rmine  t h e i r  a c q u i s i t i o n  
and obv ious ly  r e l a t e d  to bo th  t h e se  a s p e c t s ,  what ex p e r im e n ta l  
ev idence  s u p p o r t s  th e  hypo theses  o f  the  e x i s t e n c e  o f  th e s e  
i n t e g r a t i o n  p ro c e s s e s ?  I t  i s  the  c o n t e n t io n  h e re  t h a t  p a r t  o f  the  
d i f f i c u l t y  i n  t h i s  a r e a  has  been th e  o v e r - r e l i a n c e  o f  the  models  on 
d a t a  from exper iments  on neona tes  and i n f a n t s .  The problems have 
n o t  been cons ide re d  w i th i n  a more g e n e r a l  framework o f  c ross -m oda l  
p r o c e s s in g .  In p a r t i c u l a r  t h e r e  has  been v i r t u a l l y  no a n a l y s i s  o f  
th e  c h a r a c t e r i s t i c s  o f  the  s t im u lu s  envi ronment no r  any a t t e m p t s  to 
d i f f e r e n t i a t e  i n  d e t a i l  the  d i f f e r e n t  s o r t s  o f  c ro s s -m oda l  
i n t e r a c t i o n ,  which in c lu d e  r e c o g n i t i o n  o f  the  i d e n t i t y  q u e s t i o n .  
Only B u t te rw or th  (1980) has touched on t h i s  a s p e c t  w i th  h i s
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d i s t i n c t i o n  between the  d e t e c t i o n  o f  c ross-m odal e q u iv a le n c e  and 
c ross-m odal a n t i c i p a t i o n .  However a l th o u g h  t h i s  i s  an im p o r tan t  
d i s t i n c t i o n  th e  problem l i e s  deep e r  than  merely d i s t i n g u i s h in g  
between expec tancy  and d e t e c t i o n .
For example, c o n s id e r  a s o l i d  cube. The v i s u a l  in fo rm a t io n  
from such an o b je c t  s p e c i f i e s  a s e t  o f  a n g le s  and f l a t  s u r f a c e s  in  
a p a r t i c u l a r  r e l a t i o n s h i p  to  each o th e r ,  w i th in  a l a r g e r  s p a t i a l  
c o n te x t .  Furtherm ore  the  t a c t u a l  in fo rm a t io n  from t h i s  o b j e c t  i f  
ex p lo red  a l s o  s p e c i f i e s  a s e t  o f  a n g le s  and f l a t  s u r f a c e s  in  a 
p a r t i c u l a r  r e l a t i o n s h i p  to  each o th e r .  I t  appea rs  to  be th e  case  
t h a t  a d u l t s  , young c h i ld r e n  and i n f a n t s  can r e c o g n is e ,  to  a 
g r e a t e r  o r  l e s s e r  deg ree  th e  s i m i l a r i t y  between th e s e  two s e t s  o f  
r e l a t i o n s h i p s  (B ryant e t . a l . ,  1972; G o t t f r i e d  e t . a l . ,  1977; Rose 
e t . a l . ,  1978). S ince bo th  in fo rm a t io n  s tream s emanate from th e  
same th re e -d im e n s io n a l  o b je c t  t h i s  i s  perhaps  n o t  too s u r p r i s i n g .  
S im i la r ly  th e  s u r f a c e  t e x tu r e  o f  th e  o b je c t  a l s o  has th e  same 
p r o p e r t i e s .  The g e n e ra l  co n c lu s io n  (a l a  Gibson) has been t h a t  
each senso ry  system i s  e x t r a c t i n g  'am odal ' in fo rm a t io n  from the  
s t im u lu s  a r r a y s  from the  two d i f f e r e n t  m o d a l i t i e s .  C onsider  now 
t h a t  t h i s  cube has o th e r  p h y s ic a l  p r o p e r t i e s .  I t  w i l l  be o f  a 
p a r t i c u l a r  w e ig h t ,  i t  w i l l  have c o lo u r  and i t  w i l l  a l s o  have a 
t a s t e .  However, n e i t h e r  o f  th e  l a t t e r  c h a r a c t e r i s t i c s  i s  a v a i l a b l e  
to  us t a c t u a l l y ,  n o r  th e  form er a v a i l a b l e  v i s u a l l y .  Any o f  th e s e  
p r o p e r t i e s  could be changed w ith o u t n e c e s s a r i l y  a f f e c t i n g  th e  
in fo rm a t io n  s tream  in  any o f  the  o th e r  m o d a l i t i e s .  But we could  
n o t  change the  v i s u a l  appearance o f  our o b je c t  ( a p a r t  from the  
c o lo u r)  under normal c i rc u m stan c es  w ith o u t  a l s o  m odifying th e
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t a c t u a l  in fo rm a t io n  i t  would p r e s e n t .  However, we can and do make 
p r e d i c t i o n s  a c ro s s  th e  m o d a l i t i e s  in v o lv in g  th e se  p r o p e r t i e s .  I f  
ou r  o b je c t  was a b lock  o f  cheese  which we were only  a b le  to  sample 
by sm e l l ,  we could make more o r  l e s s  p r e c i s e  p r e d i c t i o n s  about the  
t e x t u r e ,  t a s t e  and c o lo u r .  The p o in t  to  be emphasised h e re  i s  t h a t  
t h i s  l a t t e r  cross-m odal r e l a t i o n s h i p  i s  o f  q u i t e  a d i f f e r e n t  o rd e r  
and s t a t u s  from t h a t  exp ressed  in  th e  v i s u a l / t a c t u a l  one. In 
p a r t i c u l a r  th e re  i s  a s t r u c t u r a l  dependence in  th e  v i s u a l / t a c t u a l  
domain t h a t  does n o t  occur a c ro s s  th e  o th e r  p o s s ib le  p a i r i n g s  o f  
th e  o th e r  m o d a l i t i e s  co n s id e re d  in  th e  above example.
This s t r u c t u r a l  e q u iv a len c e  in  p h y s ic a l  terms may n o t  however 
be n e c e s s a r i l y  r e f l e c t e d  in  th e  p e r c e p tu a l  r e l a t i o n s h i p .  One might 
w e l l  be a b le  to  make f i n e r  d i s c r im in a t io n s  about some f e a t u r e s  o f  a 
s t im u lu s  even t than  about o th e r  f e a t u r e s ,  w i th in  a p a r t i c u l a r  
m o d a l i ty .  Furtherm ore  one might w e ll  be a b le  to  make f i n e r  
d i s c r im in a t io n s  in  a p a r t i c u l a r  m oda li ty  more a c c u r a te ly  than  in  
some o th e r  m o d a l i ty .  For i n s t a n c e ,  in  our cube example, 
in fo rm a t io n  about th e  s i z e ,  t h a t  i s  the  le n g th  o f  s id e  o f  th e  cube 
may be judged b e t t e r  by v i s io n  than  by touch . Thus t h i s  s t r u c t u r a l  
e q u iv a len c e  a c ro s s  m o d a l i t i e s  may be c o n s t r a in e d  by the  p ro c e s s in g  
c a p a b i l i t i e s  w i th in  m o d a l i t i e s .  This i s  e n c a p su la te d  i n  th e  
v iew po in t  o f  p a r t i c u l a r  m o d a l i t i e s  b e in g  adapted  f o r  d i f f e r e n t  
types  o f  in fo rm a tio n  p ro c e s s in g  ( e .g .  v i s io n  f o r  s p a t i a l  
in fo rm a t io n ,  a u d i t io n  f o r  tem poral p r o c e s s in g ) .  There i s  a g r e a t  
d e a l  o f  ev idence  to  su p p o r t  t h i s  h y p o th e s is  ( F r e id e s ,  1974; 
O'Connor and Herm elin, 1978).
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In c o n t r a s t  th e re  i s  a n o th e r  type o f  r e l a t i o n s h i p  the  
n o n - s t r u c t u r a l ,  which to  a s s i s t  i n  th e  rem ainder o f  the  d i s c u s s io n  
I w i l l  l a b e l  an a s s o c i a t i v e  r e l a t i o n s h i p .  Thus i n  th e  cheese  
example th e  r e l a t i o n s h i p  between sm e ll  and t e x tu r e  i s  an in s t a n c e  
o f  an ' a s s o c i a t i v e '  dependence. Here in  p r i n c i p l e  we could a d j u s t  
o r  modify (by chem ica l means) the  t a s t e  o r  sm ell  o f  th e  cheese  
w ith o u t n e c e s s a r i l y  a f f e c t i n g  i t ' s  t e x tu r e .
In summary th en ,  th e  argument i s  t h a t  one has to  d i s t i n g u i s h  
two s o r t s  o f  c ross-m odal r e l a t i o n s h i p .  In th e  f i r s t  o f  th e s e  th e r e  
i s  a d i r e c t  n o n - a r b i t r a r y  correspondence  between th e  s t im u lu s  
f e a t u r e s  in  one m oda lity  and those  i n  a n o th e r  m o d a l i ty .  Examples 
o f  t h i s  a r e  th e  co rrespondence  between th e  o p t i c a l  and t a c t u a l  
c h a r a c t e r i s t i c s  o f  o b j e c t s ,  w ith  r e s p e c t  to  s i z e  and shape .  
Another i s  th e  lo c a t i o n  p r o p e r t i e s  o f  a u d ib le  o b je c t s  f o r  a u d i to r y  
and v i s u a l  in fo rm a t io n .  The im p o rtan t  f e a t u r e  o^ * t h i s  type  o f  
r e l a t i o n s h i p  i s  t h a t  i t  may w e ll  be based on an amodal mapping o f  
th e  sensory  system s. Whether t h i s  amodal mapping i s  based on some 
'h ig h e r  o r d e r '  s t im u lu s  s t r u c t u r e  as  proposed by Gibson (1966,1979) 
o r  on some o th e r  mechanism w i l l  n o t  be pursued h e re .  A s s o c i a t i v e  
r e l a t i o n s h i p s  on th e  o th e r  hand have no n e c e ssa ry  d i r e c t  
correspondence  between th e  senso ry  sy stem s.  For example, t h e r e  i s  
a r e l a t i o n s h i p  between fundam ental frequency  o f  human v o ic e s  and 
gender,  in  t h a t  f o r  a d u l t s  the  h ig h e r  th e  v o ic e  th e  g r e a t e r  th e  
p r o b a b i l i t y  t h a t  th e  sp eak e r  i s  fem ale . Thus t h i s  a u d i to ry  f e a t u r e  
might le ad  to  an e x p e c ta t io n  about p a r t i c u l a r  v i s u a l  a t t r i b u t e s  o f  
th e  sp eak e r ,  bu t th e re  i s  no n e c e ssa ry  co n n ec tio n  between th e  two 
f e a t u r e s ,  i t  could be th e  o th e r  way round.
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Although t h i s  d i s t i n c t i o n  i s  made i t  must he remembered t h a t  a 
s in g l e  bim odal s t im u lu s  even t may e x h i b i t  b o th  s e t s  o f
dependenc ies .  For example, the  shak ing  o f  a c h i l d ' s  r a t t l e .  Now
any p a r t i c u l a r  r a t t l e  i s  l i k e l y  to  have a c h a r a c t e r i s t i c  sound
dependent on th e  m a te r i a l  o f  th e  r a t t l e  and the  m a te r i a l  o f  th e
c o n te n ts  w i th in  th e  body o f  i t .  However, t h a t  sound could  be made 
d i f f e r e n t  by simply p la c in g  a d i f f e r e n t  k ind  o f  o b je c t  w i th in  i t .  
Thus a t  b e s t  th e  v i s u a l  f e a t u r e s  o f  th e  r a t t l e  would have only  an 
a r b i t r a r y  a l th o u g h  unique a s s o c i a t i v e  r e l a t i o n s h i p  to  the  r a t t l e ' s  
a c o u s t i c  p r o p e r t i e s .  However, w h ile  be ing  shaken one would expec t  
one a s p e c t  o f  th e  a c o u s t i c  p r o p e r t i e s  o f  th e  r a t t l e  to  have a 
n o n - a r b i t r a r y  r e l a t i o n s h i p  to  the  v i s u a l  p r o p e r t i e s  o f  th e  r a t t l e ,  
t h a t  i s  the  o n s e ts  and o f f s e t s  o f  th e  sound would have some d i r e c t ,  
a l b e i t  complex r e l a t i o n s h i p  to  the  movement o f  th e  r a t t l e .  In  a 
s i m i l a r  f a s h io n  i f  th e  o b se rv e r  o f  the  r a t t l e  were a l s o  th e  pe rso n  
shak ing  i t  then  one would a l so  ex p ec t  some d i r e c t  r e l a t i o n s h i p  
between the  k i n a e s t h e t i c  in fo rm a t io n  and the  v i s u a l  in fo rm a t io n  
about th e  r a t t l e ' s  movement.
The main argument o f  t h i s  t h e s i s  i s  t h a t  t h i s  
s t r u c t u r a l - a s s o c i a t i v e  d i s t i n c t i o n ,  a l th o u g h  o c c a s i o n a l l y
acknowledged, has  n o t  been f u l l y  c o n s id e re d  in  th e  e m p ir ic a l  work 
in  a u d io -v i s u a l  p ro c e s s in g  and in  th e  r e s e a rc h  on in fa n c y  has  in
f a c t  o f t e n  been confounded. Secondly , i t  w i l l  be argued t h a t  th e
very  n a tu r e  o f  a u d i to ry  and v i s u a l  p ro c e s s in g  makes t h i s
confounding alm ost i n e v i t a b l e .
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C onsider  as  a p r o to t y p ic a l  example o f  th e  i n v e s t i g a t i o n  o f  
a u d io - v i s u a l  i n t e g r a t i o n  in  in fan c y  the  s tudy  c a r r i e d  ou t by 
Aronson and Rosenblum (1971)• In  t h i s  experim ent i n f a n t s  were
p re s e n te d  w ith  two c o n d i t io n s .  In  one c o n d i t io n  they  saw t h e i r  
mother and heard  h e r  v o ice  coming from a p o s i t i o n  t h a t  a d u l t s
r e p o r te d  as  be ing  a t  the  same l o c a t io n  as  th e  m o th e r 's  f a c e .  In  
th e  second c o n d i t io n ,  the  v o ic e  was d i s p la c e d  90 degrees  to  th e  
r i g h t  o r  l e f t .  Aronson and Rosenblum assumed th a t  they  had 
d i s r u p te d  the  ' n a t u r a l '  co rrespondence  between th e  m o th e r 's  f a c e  
and v o ic e ,  t h a t  i s  t h a t  the  s ig h t  and sound from the  same o b je c t  
norm ally  o ccu r  i n  th e  same s p a t i a l  lo c a t io n ,  and claimed to  have 
observed ' d i s t r e s s '  on th e  p a r t  o f  th e  i n f a n t .  This d i s r u p t i o n  o f  
th e  s p a t i a l  p r o p e r t i e s  o f  a u d i t io n  and v i s i o n  i s  assumed to be an
example o f  th e  d i s r u p t i o n  o f  a s t r u c t u r a l  dependence f o r  th e s e
m o d a l i t i e s .  C r u c i a l ly  however, th e r e  i s  only  a d i s r u p t i o n  o f  t h i s  
s t r u c t u r a l  r e l a t i o n s h i p  i f  th e  a u d i to ry  and v i s u a l  in fo rm a t io n  a r e  
p e rce iv ed  as b e ing  p a r t  o f  th e  same o b je c t  o r  e v e n t .  The p o in t  i s  
t h a t  th e re  i s  no s t r u c t u r a l  r e l a t i o n s h i p  between the  m o th e r 's  f a c e  
and v o ic e ,  a t  l e a s t  n o t  as  co n s id e re d  by Aronson and Rosenblum, n o r  
in  f a c t  between an y o n e 's  face  and v o ic e .  Faces occur w i th o u t  
sounds em anating from them, people  d o n ' t  t a l k  a l l  the  t im e; v o ic e s  
occur  w ith o u t  f a c e s ,  peop le  t a lk in g  o u tw ith  th e  v i s u a l  f i e l d  o f  th e  
l i s t e n e r .  T h i rd ly  th e r e  i s  no i n t r i n s i c  r e l a t i o n s h i p  between th e  
sound o f  a vo ice  and the  c h a r a c t e r i s t i c s  o f  a p a r t i c u l a r  f a c e .  
(There i s  an e x ce p t io n  to t h i s  t h a t  has a l re a d y  been m entioned , and 
w i l l  be co n s id e re d  in  more d e t a i l  l a t e r ,  t h a t  i s  th e  r e l a t i o n s h i p  
between p h o n e tic  in fo rm a t io n  and l i p  movements.) Thus th e  Aronson 
and Rosenblum s tudy  i m p l i c i t l y  assumes t h a t  an a s s o c i a t i v e
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dependence between face  and v o ice  has  been e s t a b l i s h e d  in  t h e i r  
group o f  i n f a n t s .  In  1971 t h e r e  was no ev idence  f o r  t h i s  
assum ption . Consequently  i t  i s  n o t  s u r p r i s i n g  th a t  t h e i r  f i n d in g s  
have n o t  been r e p l i c a t e d  (McGurk and Lewis, 1974; Condry, Haltom 
and N e is s e r ,  1977)*
Subsequent r e s e a r c h  has  shown some ev idence f o r  d i s c r i m in a t io n  
between th e  m o th e r 's  v o ic e  and t h a t  o f  a female s t r a n g e r ,  in  young 
i n f a n t s .  M i l l s  and Melhuish (1974) found t h a t  one month o ld  
i n f a n t s  sucked more when th e  p r e s e n t a t i o n  o f  the  m o th e r 's  v o ic e  was 
made c o n t in g e n t  upon t h a t  suck ing  than  when t h a t  o f  a fem ale  
s t r a n g e r  was the  r e i n f o r c e r .  S im i la r ly  Mehler e t .  a l .  (1978) 
u s in g  the  same p rocedure  found t h a t  one month o ld  i n f a n t s  
d i s c r im in a te d  n o t  only  between the  m o th e r 's  v o ic e  and t h a t  o f  a 
female s t r a n g e r  but a l s o  between th e  m o th e r 's  v o ice  w ith  normal 
prosody and i n t o n a t i o n  p a t t e r n s  v e rsu s  the  mother t a l k i n g  i n  a 
monotone and n o n in to n a ted  f a s h io n .  Thus in f a n t s  do ap p ea r  to  be 
a b le  to  e x t r a c t  some o f  th e  su p rasegm en ta l  n a tu re  o f  an 
i n d i v i d u a l ' s  speech . More r e c e n t ly  De Casper and F i f e r  (1980) 
t e s t e d  th r e e  day old  i n f a n t s  u s in g  a s i m i l a r  n o n - n u t r i t i v e  su ck in g  
paradigm and found th a t  they  responded more p o s i t i v e l y  to  th e
m a te rn a l  v o ice  than  they  d id  to  the  v o ic e  o f  a fem ale s t r a n g e r .
The l a t t e r  two s tu d i e s  used th e  v o ic e s  o f  th e  o th e r  m others  in  th e  
s tu d y  as  the  c o n t ro l  v o ic e s  f o r  each i n f a n t ,  t h e r e f o r e  d e a l in g  w ith  
th e  p o t e n t i a l  c r i t i c i s m  th a t  th e re  might have been som ething 
p e c u l i a r ,  o r  c h a r a c t e r i s t i c a l l y  non-m otherly  about th e  o th e r  fem ale  
v o ic e .  I f  th e se  f in d in g s  a r e  confirm ed then  they c e r t a i n l y  do
dem onstra te  s u b t l e  d i s c r im in a t io n  on the  p a r t  o f  the  i n f a n t s  and
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lend su p p o r t  to  th e  h y p o th e s i s  t h a t  r e c o g n i t io n  o f  th e  m o th e r 's  
v o ice  as  th e  m o th e r ' s v o i c e ' i s  ta k in g  p la c e  a t  a very  e a r l y  age . 
Note, t h a t  as  f a r  as  one can judge th e re  were no o th e r  c o n te x tu a l  
cues a v a i l a b l e  to  th e  i n f a n t s  in  th e s e  s t u d i e s ,  in  p a r t i c u l a r  no 
v i s u a l  cues ,  to  a id  t h i s  r e c o g n i t io n .  However, the  g e n e ra l  p o in t  
i s  t h a t  i n  any r e s e a r c h  in v o lv in g  f a c e s  and v o ic e s  t h i s  d u a l  s e t  o f  
a u d io - v i s u a l  r e l a t i o n s h i p s  must be o c c u r r in g ,  b o th  th e  s t r u c t u r a l  
and th e  a s s o c i a t i v e ,  and t h a t  m a n ip u la t io n  o f  one s e t  o f  f a c t o r s  
may have im p o r tan t  consequences f o r  th e  o th e r .  In  p a r t i c u l a r ,  
i n t e r f e r i n g  w ith  the  r e l a t i v e  lo c a t i o n  o f  th e  a u d i to ry  and v i s u a l  
in fo rm a t io n  may d e s t ro y  an a s s o c i a t i v e  r e l a t i o n s h i p  t h a t  a l r e a d y  
e x i s t s  between th e  s e t s  o f  a u d i to ry  and v i s u a l  s t i m u l i .  I t  i s  a 
m a t te r  f o r  a n a l y s i s  and d i s c u s s io n  w hether the  same c o n c lu s io n s  
app ly  to  o th e r  s e t s  o f  a u d i to ry  and v i s u a l  s t i m u l i .
A f u r t h e r  p o in t  must a l s o  be c o n s id e re d .  That i s  t h a t  
d i s r u p t i o n  o f  a s t r u c t u r a l  o r  a s s o c i a t i v e  r e l a t i o n s h i p  may n o t  
always r e s u l t  i n  a p e r c e p tu a l  d i s r u p t i o n  o f  t h a t  r e l a t i o n s h i p  -  we 
must c o n s id e r  th e  l i m i t s  o f  p ro c e s s in g  in  each m o d a l i ty .  R e tu rn in g  
to  the l a t e r a l  d isp lacem en t o f  sound th e  phenomena o f  v i s u a l  
c a p tu r e ,  which i s  s t ro n g  in  a d u l t s  may a l s o  occu r  in  i n f a n t s ,  to  a 
g r e a t e r  o r  l e s s e r  d eg ree .  Although t h i s  i s  an u n l ik e ly  p o s s i b i l i t y  
in  the  Aronson and Rosenblum experim ent -  l o c a l i s a t i o n  o f  a sound 
d is p la c e d  90 d e g re e s ,  back to  th e  s t r a i g h t - a h e a d  l o c a t i o n  would be 
an exceed ing ly  extreme example o f  c a p tu re .  This c o n c lu s io n  i s  
r e in f o r c e d  by th e  d a ta  from th e  McGurk and Lewis (1974) r e p l i c a t i o n  
where they  observed head tu rn in g  towards the  v i s u a l  s t im u lu s  and 
a l s o  th e  d i s p la c e d  a u d i to ry  s t im u lu s .  I f  i t  had been c a p tu re d  by
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the  face  then  to  what were th e  i n f a n t s  tu rn in g ?  However t h i s  
p o s s i b i l i t y  o f  c a p tu re  cannot be d isco u n ted  in  s tu d ie s  t h a t  have 
in t ro d u c e d  l e s s e r  deg rees  o f  d isp lacem en t o f  the  v i s u a l  and 
a u d i to ry  s o u rc e s .
I f  we now tu rn  to  c o n s id e r  o th e r  s t u d i e s  o f  a u d i o - v i s u a l  
i n t e g r a t i o n ,  which do n o t  in v o lv e  f a c e s  and v o ic e s  th e  problem s do 
n o t  n e c e s s a r i l y  d e c re a se ,  f o r  example in  S p e lk e 's  expe rim en ts  
(1976,1979)* In the  f i r s t  o f  th e s e ,  fo u r  month o ld  i n f a n t s  were 
p re se n te d  w ith  two movie f i lm s  s id e  by s id e ,  s im u l ta n e o u s ly  w ith  
th e  so u n d track  a p p r o p r ia te  to  one o f  them. The f i lm s  were o f  a 
fa c e  sp eak in g  rh y th m ic a l ly  and a wooden b a ton  s t r i k i n g  a wooden 
b lo ck .  The sound was p re se n te d  from a lo u d sp eak e r  s i t u a t e d  midway 
between th e  s c re e n s  onto  which th e  f i lm s  were p re s e n te d .  Thus th e  
s t r u c t u r a l  r e l a t i o n s h i p  o f  th e  lo c a t i o n  o f  s i g h t  and sound was 
d i s r u p te d  which o f  cou rse  means t h a t  th e  p e r c e p tu a l  dependency was 
a l s o  p o t e n t i a l l y  d i s r u p te d .  Some ev idence  was found t h a t  the  
i n f a n t s  f ix a t e d  more o f  th e  f i lm  t h a t  was a p p r o p r ia te  to  th e  
so u n d track  than  they  d id  to  th e  in a p p r o p r i a te  f i lm .  However t h a t  
does n o t  imply t h a t  th e  i n f a n t s  were o p e ra t in g  in  accordance  w ith  
them having  an a s s o c i a t i v e  r e l a t i o n s h i p  between th e  fa c e  and the  
v o ice  and between th e  b e a t in g  sound and th e  wooden o b j e c t s .  As 
Spelke h e r s e l f  adm its  i t  i s  c o n ce iv ab le  t h a t  th e  i n f a n t s  were 
view ing the  f i lm  th a t  had th e  same tem poral c h a r a c t e r i s t i c s  as th e  
so u n d tra c k .  That i s  t h a t  they were r e s p o n s iv e  to  th e  r e l a t i v e  
o n s e ts  and o f f s e t s  o f  th e  a u d i to ry  s t im u l i  and c h a r a c t e r i s t i c  
changes in  the  v i s u a l  s t i m u l i .  Like th e  in fo rm a t io n  co n ce rn in g  
s p a t i a l  l o c a t io n  t h i s  a s p e c t  o f  a u d i to ry  and v i s u a l  p r e s e n t a t i o n  in
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th e se  examples a l s o  has s t r u c t u r a l  dependence. Under normal 
c i rc u m s tan c es  one could n o t  change the  tempo o f  th e  in fo rm a t io n  in  
one m o d a li ty  w ith o u t  a l s o  doing so in  th e  o th e r .  
E l e c t r o p h y s io lo g ic a l  s t u d i e s  have supported  the  h y p o th e s i s  t h a t  
i n f a n t s  a re  re s p o n s iv e  to  th e  tem pora l f e a t u r e s  o f  s t im u l i  i n  th e  
v i s u a l  and a u d i to ry  m o d a l i t i e s  (A llen  e t .  a l .  1977)* However, 
j u s t  as  th e r e  i s  ev idence  f o r  a v i s u a l  'c a p t u r e '  of  a u d i to r y  
s p a t i a l  in fo rm a t io n ,  as  r e p o r te d  e a r l i e r ,  th e re  i s  a l s o  
complementary ev idence  f o r  th e  a u d i to ry  'c a p t u r e '  o f  v i s u a l  
tem poral in fo rm a t io n  (Regan and S p e k r e i j s e ,  1977)* In  a d u l t s ,  
p e rce iv ed  f l i c k e r  frequency  o f  a l i g h t  can be 'd r i v e n '  up o r  down 
by v a ry in g  th e  r a t e  o f  a s im u l ta n e o u s ly  p re se n te d  f l u t t e r i n g  sound. 
Thus s tu d ie s  which m an ip u la te  th e  tem pora l r e l a t i o n s h i p  between 
s ig h t  and sound would a l s o  have to  c o n s id e r  th e  d eg ree ' o f  
d isc re p a n c y  in tro d u c e d  and contend w ith  the  p o t e n t i a l  problem t h a t  
th e re  may be no p e rce iv ed  tem poral d i s r u p t i o n .  I t  rem ains to  be 
d isco v e re d  w hether o r  n o t  th e  same phenomenon occu rs  in  in f a n c y ,  
b u t  i t  c e r t a i n l y  cannot be d isc o u n te d .
This distinction between 'structural' and 'associative' 
dependencies across modalities reflects the distinction between 
amodal characteristics - spatial location, temporal regularity 
and modal specific features of stimuli which can only be 
represented in one modality but may nevertheless be utilised in 
cross-modal prediction and therefore part of an inter-modal 
integration system. It follows that of Gibson (1969)* However, it 
goes futher in that it also takes into account the fact that 
structural features transfer across modalities with greater or
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l e s s e r  d eg rees  o f  accu racy .  That i s  we a r e  in c o rp o r a t in g  th e
F re id e s  (1974) and O'Connor and Hermelin (1978) id ea  o f  th e
d i f f e r e n t  sen so ry  system s be ing  adap ted  f o r  coding  p a r t i c u l a r  ty p e s  
o f  in fo rm a t io n ;  v i s u a l  -  s p a t i a l ,  a u d i to ry  -  tem pora l.  I f  t h a t  i s  
an a c c u ra te  account then  i t  i s  n o t  s u r p r i s i n g  t h a t  we f in d  c a p tu r e  
r e l a t i o n s h i p s  o f  th e  type p re v io u s ly  d e s c r ib e d  when bo th  m o d a l i t i e s  
a r e  p ro c e s s in g  bimodal s t i m u l i .  I t  would make sen se  to  
d i f f e r e n t i a l l y  w eight th e  in fo rm a t io n  from th e  g e n e r a l ly  more 
a c c u ra te  m o d a li ty  f o r  t h a t  type  o f  in fo rm a t io n .  In  f a c t  th e
'c a p t u r e '  ev idence  could be viewed as b r in g in g  f u r t h e r  s u p p o r t  to  
th e  d i f f e r e n t i a l  a d a p t a b i l i t y  id e a .  Thus i t  appea rs  t h a t  th e r e  a r e  
two complementary p ro c e s se s  o c c u r r in g  in  a u d io -v i s u a l  p r e s e n t a t i o n s  
-  one b r in g in g  th e  s t im u lu s  s tream s  i n t o  sequence w ith  one a n o th e r  
and a second b r in g in g  them to  the  same lo c a t io n ,  r e s o lv in g  any 
sm all  d i s c r e p a n c ie s  in  t h e i r  tem poral a n d /o r  s p a t i a l
c h a r a c t e r i s t i c s .
This d i s t i n c t i o n  a l s o  has s i m i l a r i t i e s  to  th e  d i f f e r e n t i a t i o n  
o f  ' s t r u c t u r a l '  and 'c o g n i t i v e '  f a c t o r s  in t ro d u c e d  by Radeau and 
B e r te ls o n  (1977) in  t h e i r  experim en ts  on a d a p ta t io n  to  
a u d i t o r y - v i s u a l  s p a t i a l  d is c re p a n c y .  The main d i f f e r e n c e  between 
th e  d i s t i n c t i o n s  l i e s  in  what can be in c lu d ed  under th e  term 
'c o g n i t i v e '  or ' a s s o c i a t i v e '  f a c t o r s .  Radeau and B e r te l s o n  
in c lu d ed  v e rb a l  i n s t r u c t i o n s  as  a p o s s ib le  f e a t u r e  f o r  s u g g e s t in g  
c o r r e l a t i o n s  o r  co rrespondences  in  th e  two m o d a l i t i e s .  This  would 
have l im i t e d  u t i l i t y  in  e x p la in in g  th e  same phenomena in  in f a n c y ,  
which i s  th e  p rim ary  concern  o f  t h i s  d i s c u s s io n .  To r e i t e r a t e  
b r i e f l y  they p o s i te d  two p ro c e s s e s  u n d e r ly in g  a u d i t o r y - v i s u a l
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i n t e g r a t i o n .  The f i r s t  i s  a f f e c t e d  by th e  s t r u c t u r a l  f e a t u r e s  o f  
th e  m ulti-m odal s t im u lu s  which r e s u l t s  ' i n  r e c a l i b r a t i o n  o f  th e  
eye-head and sound-head n e u ra l  p ro c e s se s  govern ing  l o c a l i s a t i o n  
under c o n d i t io n s  o f  d is c re p a n c y .  This can be viewed as a m utual 
en t ra in m e n t  o f  th e  m o d a l i t i e s .  ( i n  th e  l i g h t  o f  th e  p re v io u s  
d i s c u s s io n  th e re  may a l s o  be a s i m i l a r  mechanism o p e ra t in g  f o r  
tem pora l d is c re p a n c y ) .  The second p ro cess  i s  one o f  a phenomenal 
i n t e g r a t i o n  o f  th e  m o d a l i t i e s  a f f e c t e d  by c o g n i t iv e  (o r  a s s o c i a t i v e  
) f a c t o r s  r e s u l t i n g  in  th e  ex p e r ien ce  o f  a s i n g l e  o b je c t  o r  even t 
from th e  two m o d a l i t i e s .
What a r e  th e  im p l ic a t io n s  o f  t h i s  f o r  a u d io - v i s u a l  i n t e g r a t i o n  
in  in fan c y ?  F i r s t l y  th e  H a r r i s  (1979) and B u tte rw o rth  (1930) 
s u g g e s t io n s  t h a t  v i s i o n  p ro v id e s  a s u p p o r t iv e  r o l e  f o r  a u d i to r y  
s p a t i a l  l o c a l i s a t i o n  may n o t  go q u i t e  f a r  enough. I t  may a l s o  be
the  case  t h a t  a u d i t io n  i s  s im u l ta n e o u s ly  p ro v id in g  a s u p p o r t iv e
r o l e  f o r  v i s u a l  tem poral p ro c e s s in g .  Secondly , th e re  i s  some 
ev idence  from the  a d u l t  l i t e r a t u r e  t h a t  t h i s  i n t e r a c t i o n  o f  th e  
s t r u c t u r a l  ( o r  amodal) p r o p e r t i e s  o f  s t im u l i  a c ro s s  m o d a l i t i e s  i s  
an au to m atic  i n b u i l t  p ro c e s s .  For example, Radeau and B e r te l s o n
(1977) showed th e  a d a p ta t i o n  e f f e c t s  to  occur even when t h e i r
s u b je c t s  r e p o r te d  the  a u d i to ry  and v i s u a l  s t im u l i  to  be s p a t i a l l y  
s e p a r a t e .  S im i la r ly ,  in  v i s u a l - t a c t u a l  s h a p e /s i z e  c o n f l i c t  
s i t u a t i o n s ,  the  i l l u s i o n s  rem ain s t ro n g  even a f t e r  b r i e f i n g  about 
th e  n a tu re  o f  th e  c o n f l i c t  and r e p e a te d  t e s t i n g  (Power, 1980). An 
a u to m atic  p ro c e ss  o f  t h i s  type g iv e s  su b s tan ce  to  th e  P ia g e t i a n  
n o t io n  o f  th e  r e c i p r o c a l  a s s i m i l a t i o n  o f  in fo rm a t io n  from d i f f e r i n g  
sen se  m o d a l i t i e s .  One must assume a t  t h i s  s ta g e  t h a t  t h i s  p ro c e s s
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i s  o c c u r r in g  a c ro s s  a l l  m o d a l i t i e s  and i s  c o n t in u a l ly  a t te m p t in g  to 
r e l a t e  th e  d i f f e r e n t  in fo rm a t io n  s tream s to  d is c o v e r  common 
f e a t u r e s  o r  r e g u l a r i t i e s .  That i s  th e  nervous system i s  n o t  s im ply 
respond ing  a c t i v e l y  w i th in  each m oda li ty  bu t a l s o  a c t i v e l y  between 
them, i n t e g r a t i n g  and i n t e r p r e t i n g  o r  r e - i n t e r p r e t i n g  th e  
in fo rm a t io n  from one sen se  as  a r e s u l t  o f  in fo rm a t io n  from th e  
o th e r s .
The p ro c e ss  a t  t h i s  s ta g e  i s  on ly  seen as a t te m p t in g  to  do t h i s  
l i n k in g ;  w hether  o r  n o t  th e  d i f f e r i n g  s tream s a r e  ex p e r ien ced  as 
o c c u r r in g  from th e  same s o u rc e ,  o b je c t  o r  e v e n t ,  depends presum ably 
on the  n a tu re  o f  the  r e l a t i v e  d eg rees  o f  d isc rep a n cy  o r  d is c o rd a n c e  
between the  s e t s  o f  in fo rm a t io n .  I t  must a l s o  be c o n s id e re d  t h a t  
th e  to l e r a n c e  f o r  d isc re p a n c y  in  in fa n c y  i s  unknown and may be 
l a r g e r  o r  s m a l le r  than  t h a t  a t  o th e r  a g e s .  No s u g g e s t io n  i s  b e in g  
made about th e  in n a te n e s s  o f  t h i s  p ro c e s s ,  th e re  b e in g  no 
unequ ivoca l  ev idence t h a t  b e a r s  upon t h i s  i s s u e .
What i s  be ing  su g g es ted  however i s  t h a t  t h i s  form o f
r e l a t i o n s h i p  i s  o n to g e n e t i c a l l y  p r i o r  to  a s s o c i a t i v e  dependenc ies  
between the  s e n s e s .  This p r o p o s i t i o n  i s  advanced on two g rounds .  
F i r s t l y ,  th e r e  i s  some ex p e r im en ta l  ev idence  t h a t  i t  i s  so .  The
work o f  Bryant e t . a l .  (1 972) and G o t t f r i e d  e t .  a l .  (1977) 
d em onstra te s  t h a t  some t r a n s f e r  o f  shape and s i z e  r e l a t i o n s  o cc u rs  
between touch and v i s io n  from as e a r ly  as  f o u r  months. In a u d i t i o n  
and v i s io n  A llen  e t .  a l .  (1977) show th a t  f i v e  month o ld  i n f a n t s  
a r e  re s p o n s iv e  to  th e  tem pora l in fo rm a t io n  a c ro s s  m o d a l i t i e s .
These s t u d i e s  a l l  u t i l i s e  th e  s t r u c t u r a l  dependencies  between
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m o d a l i t i e s .  None o f  th e  s tu d i e s  in v o lv in g  what in  my term s a re  
a s s o c i a t i v e  r e l a t i o n s h i p s ,  t h a t  i s  those  in v o lv in g  fa c e s  and v o ic e s  
o f  the  Aronson and Rosenblum (1971) type o f  s tudy  have p rov ided  the  
same degree  o f  r e p l i c a b l e  ev id en ce .
Secondly , an au to m atic  p ro c e ss  o f  t h i s  type would p ro v id e  th e  
i d e a l  base  on which th e  young i n f a n t  o r  c h i ld  could  ex p e r ie n c e  and 
b u i ld  up r e p r e s e n t a t i o n s  in v o lv in g  th e  a s s o c i a t i v e  dependenc ies  
t h a t  _do_ e x i s t  between th e  m o d a l i t i e s .  Thus we have a p ro c e s s  t h a t  
i s  f l e x i b l e  enough to  c a t e r  f o r  d i f f e r i n g  environm ents  and 
c i rc u m s tan c es  b u t  a l s o  r i g i d  enough in  b a s ic  fu n c t io n  to  en su re  
t h a t  an i n t e g r a t e d  p e r c e p tu a l  s t r u c t u r e  w i l l  r e s u l t .
In  summary then  the  cou rse  o f  a u d io -v i s u a l  in te r -m o d a l  
development t h a t  i s  be ing  proposed i s  e s s e n t i a l l y  th r e e  s t a g e .  
F i r s t l y ,  because  o f  the  p h y s ic a l  o r g a n i s a t io n  o f  th e  se n so ry  
a p p a ra tu s  ( th e  eyes and e a r s )  th e re  i s  an in t im a te  s p a t i a l  
dependency on th e  p ro c e s s in g  o f  each o f  th e se  m o d a l i t i e s  from th e  
beg in n in g  o f  l i f e .  That i s  th e re  a re  c o n s t r a i n t s  such t h a t  i t  i s  
v i r t u a l l y  c e r t a i n  t h a t  th e  a u d i to ry  and v i s u a l  components o f  an 
o b je c t  o r  even t w i l l  e v e n tu a l ly  be p ro cessed  s im u l ta n e o u s ly .  
S p e c i f i c a l l y  movement o f  th e  eyes towards a v i s u a l  s o u rce ,  c e n t r e s  
th e  sound from th a t  sou rce  to  the  e a r s .  Conversely  o r i e n t a t i o n  to  
a sound b r in g s  th e  v i s u a l  s t im u lu s  co lo c a te d  w ith  th e  sound in t o  
view. Secondly, consequen t upon t h i s  mutual en tra in m e n t  o f  th e se  
sen ses  the  c e n t r a l  nervous system a t te m p ts  to  e x t r a c t  common 
f e a t u r e s  o r  eq u iv a len c es  in  the  in fo rm a t io n  s tream s  from each 
m o d a li ty ,  w ith  alm ost c e r t a i n l y  some a llow ance made f o r  sm a ll
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d is c r e p a n c ie s  to  compensate f o r  d i f f e r i n g  degrees  o f  s e n s i t i v i t y  to  
d i f f e r e n t  types  o f  in fo rm a t io n .  This can be co n s tru ed  as the
e x t r a c t i o n  o r  d isco v e ry  o f  the  amodal p r o p e r t i e s  o f  th e  o b je c t  o r  
e v e n t .  T h i rd ly ,  g iven  t h a t  th e  p ro c e s s in g  a p p a ra tu s  i s  a t te m p t in g  
to  e n c a p su la te  and i n t e g r a t e  a l l  th e  a v a i l a b l e  in fo rm a t io n ,
r e p r e s e n t a t i o n s  w i l l  e v e n tu a l ly  be b u i l t  up on in fo rm a t io n  where 
only a p r o b a b i l i s t i c  r e l a t i o n s h i p  e x i s t s  between th e  in fo rm a t io n  
from each system -  the  a s s o c i a t i v e  r e l a t i o n s h i p .
This  c o n c e p tu a l i s a t io n  o f  a u d i t o r y - v i s u a l  i n t e g r a t i o n  i s  n o t  
on ly  h i e r a r c h i c a l  in  t h a t  d i f f e r i n g  l e v e l s  o f  p ro c e s s in g  a re  
invo lved  b u t i s  a l s o  s e q u e n t i a l  in  t h a t  th e  i n t e g r a t i o n  o f  th e
m o d a l i t i e s  on an a s s o c i a t i v e  b a s i s  i s  n e c e s s a r i l y  p resaged
deve lopm en ta lly  by th e  s t r u c t u r a l  p ro c e s s in g  which i s  dependent 
upon th e  s p a t i a l  o r g a n i s a t io n  o f  th e  sensory  a p p a ra tu s .
The s e r i e s  o f  experim en ts  d e s c r ib e d  in  th e  fo l lo w in g  c h a p te r s  
w i l l ,  a t te m p t to  inform  t h i s  d i s c u s s io n  by s tu d y in g  i n f a n t s  in  
s i t u a t i o n s  des igned  to ta p  th e  d i f f e r i n g  l e v e l s  o f  i n t e g r a t i o n  
o u t l i n e d .  Furtherm ore  i t  w i l l  s tudy  them over a f a i r l y  wide age 
range ,  th r e e  months to  one y e a r  in  an a t te m p t to  d i s c e r n  b o th  th e  
ages  a t  which p a r t i c u l a r  l e v e l s  o f  p ro c e s s in g  can be seen  to  occu r  
and a l s o  w hether th e r e  i s  any ev idence  f o r  th e  proposed sequence . 
In  p a r t i c u l a r  experim en ts  1 and 2 w i l l  d e a l  w ith  s p a t i a l  dependence 
and sound l o c a l i s a t i o n ,  experim ent 3 w i l l  look a t  some a s p e c t s  o f  
a s s o c i a t i v e  f a c t o r s  and th e  p ro c e s s in g  o f  f a c e s  and v o ic e s  and 
experim en ts  4 and 5 w i l l  d e a l  w ith  tem poral s t r u c t u r e  ag a in  
u t i l i s i n g  face  and v o ice  s t i m u l i .
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CHAPTER TWO
VISUAL ATTENTION AND ORIENTATION TO 
TWO STIMULUS SOURCES -  EXPERIMENT 1.
The h y p o th e s is  o f  an i n t i a l ,  p r im i t iv e  s t a g e  o f  
a u d i o - v i s u a l  i n t e g r a t i o n  dependent upon th e  s p a t i a l  p r o p e r t i e s  o f  
th e  s e n s e s  o f  v i s i o n  and a u d i t i o n  has  in c re a s e d  in  fav o u r  i n  r e c e n t  
y e a r s .  As d e s c r ib e d  in  th e  in t r o d u c to r y  c h a p te r ,  much o f  th e  
ev idence  proposed in  su p p o r t  o f  t h i s  c o n te n t io n  i s  t h a t  o f  th e  
young i n f a n t ' s  re sp o n se  to  sounds, i n  p a r t i c u l a r  l o c a l i s a t i o n  o r  
o r i e n t a t i o n  to  l a t e r a l i s e d  a u d i to r y  s t im u la t io n .  S ince  th e  
experim ent to  be d e s c r ib e d  below w i l l  u se  v i s u a l  o r i e n t a t i o n  and 
a t t e n t i o n  as  th e  p rim ary  re sp o n se  measure we w i l l  f i r s t  rev iew  t h i s  
r e s e a r c h  l i t e r a t u r e  on sound l o c a l i s a t i o n  i n  in fa n c y .  S econdly , i t  
w i l l  be proposed t h a t  a u d i o - v i s u a l  i n t e g r a t i o n  a t  t h i s  l e v e l  can 
u s e f u l l y  be i n v e s t i g a t e d  w i th in  a d i f f e r e n t  e x p e r im en ta l  framework 
from t h a t  norm ally  employed. I t  w i l l  be argued from th e  rev iew  o f  
sound l o c a l i s a t i o n  s t u d i e s  t h a t  th e  t y p i c a l  ex p e r im en ta l  d e s ig n  i s  
an in a p p r o p r i a t e  te ch n iq u e  and t h a t  i n s t e a d  o f  examining th e  
i n f a n t ' s  re sp o n se  to  th e  o n s e t  o f  l a t e r a l i s e d  sound in  a fo rm le s s  
v i s u a l  f i e l d  ( th e  t r a d i t i o n a l  s t im u lu s  env ironm en t) ,  th e  'p r o p e r '  
d e s ig n  i s  to  s tu d y  re sp o n se  to  changes i n  l a t e r a l i s e d  a u d i to r y  
s t im u l i  (a  more e c o l o g i c a l l y  v a l id  s t im u lu s  env ironm ent) .
Sound L o c a l i s a t i o n  i n  In fan cy
The young i n f a n t s '  a b i l i t y  to  l o c a l i s e  sound i s  a phenomenon 
t h a t  n o t  on ly  promotes d i s p u te s  about th e  e x t e n t  to  which i t  
o c c u rs ,  bu t a l s o  c o n s id e ra b le  d eb a te  as  to  th e  p ro p e r  
i n t e r p r e t a t i o n  o f  th e  beh av io u r  used to  a s s e s s  th e  a b i l i t y  and th e  
e x t e n t  to  which i t  i s  a m a n i f e s t a t io n  o f  some form o f  i n t e g r a t i o n  
o f  a u d i t io n  and v i s i o n .
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One view i s  t h a t  i t  m ere ly  r e f l e c t s  th e  concom itan t m otor 
ad ju s tm en t o f  one s e t  o f  r e c e p to r s  as  a r e s u l t  o f  s t im u la t io n  i n  a 
d i f f e r e n t  sen so ry  system , t h a t  i s  moving th e  eyes tow ards a sound 
sou rce  only  o ccu rs  because  we move our head to  e q u a l i s e  th e  sound
to  each e a r  -  a low l e v e l  i n t e g r a t i o n  th e o ry .  C onversely , a h ig h
le v e l  i n t e g r a t i o n  th e o ry  would p ropose  t h a t  th e  a b i l i t y  r e f l e c t s  
th e  i n f a n t ' s  e x p e c ta t io n s  o f  v i s u a l  s t im u la t io n  as  a r e s u l t  o f  th e  
sound, perhaps  even p a r t i c u l a r  e x p e c ta t io n s  about th e  o b j e c t s  i n  
t h a t  l o c a t i o n .  This rev iew  w i l l  c o n c e n t r a te  on th e  ev idence  f o r  
each p o s i t i o n  and t r a c e  i t  th rough  th e  p e r io d  o f  b i r t h  to  one y e a r .
As has been p r e v io u s ly  d is c u s s e d ,  p h y s io lo g ic a l  and 
e l e c t r o p h y s io l o g i c a l  te c h n iq u e s  u s in g  h a b i t u a t i o n  m easures can n o t 
answer th e  l o c a l i s a t i o n  q u e s t io n  (Bower, 1974a). Two o th e r  
re sp o n se  measures have been u sed .  The f i r s t  o f  th e s e ,  head tu r n in g  
has  been used w ith  n eo n a te s  and i n f a n t s  one month and o l d e r .  Much 
o f  th e  e a r l y  r e s e a rc h  used th e  l o c a l i s i n g  re sp o n se  as  an i n d i c a t o r  
o f  o th e r  p ro c e s s e s  r a t h e r  th a n  as  d i r e c t  s t u d i e s  o f  a u d i to r y
l o c a l i s a t i o n .  One o f  th e  e a r l i e s t  by Chun, Pawsat and F o r s t e r
( i9 6 0 )  s tu d ie d  tw e n ty -s ix  c h i ld r e n  ran g in g  in  age from two to  
f o r t y - n i n e  weeks o f  age. The p rocedure  invo lv ed  p r e s e n t i n g  a 
'b u z z e r '  sound from a number o f  d i f f e r e n t  p o s i t i o n s ,  two o f  which 
were to  th e  r i g h t  o r  l e f t  e a r .  None o f  th e  i n f a n t s  below 26 weeks 
showed an a b i l i t y  to  l o c a l i s e  th e  sound w ith  a d e f i n i t e  movement o f  
th e  head o r  eyes ,  whereas a l l  b u t  one i n f a n t  over  26 weeks cou ld  do 
so .  Each s t im u lu s  was p re s e n te d  once on ly  from each p o s i t i o n  and 
no d e t a i l s  were g iven  o f  th e  degree  o f  c o n t r a l a t e r a l  o r  
non -resp o n d in g  which o c c u r re d .  In  a s i m i l a r  b u t  more e x t e n s iv e
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s tu d y  W atrous, McConnell, S i t t o n  and F l e e t  (1975) used a v a r i e t y  o f  
a u d i to r y  s t i m u l i ,  i n c lu d in g  b e l l s ,  r a t t l e s  and a human v o ic e  w i th  
t h r e e  age ranges  o f  c h i ld r e n  : 3 to  5 months, 6 to  8 months and 9
to  12 months. The younges t group showed v e ry  few l o c a l i s i n g  
re sp o n se s  o f  th e  head , eyes o r  body, 14•3 p e rc e n t  o f  th e  p o s s i b l e  
number o f  t r i a l s  on which l o c a l i s a t i o n  could  have o c c u r re d .  For 
th e  two o ld e r  age groups th e y  d i f f e r e n t i a t e d  between h o r i z o n t a l  and 
v e r t i c a l  l o c a l i s a t i o n  and found t h a t  f o r  th e  6 to  8 month g roup , 
h o r i z o n t a l  l o c a l i s a t i o n  was th e  predom inant re sp o n se ,  4 8 .8  p e r c e n t  
as  opposed to  7»9 p e r c e n t ,  whereas t h e r e  was a more even
d i s t r i b u t i o n  f o r  th e  o ld e r  g roup, 28 .6  p e rc e n t  v e rsu s  32 .3  p e r c e n t .  
Again no d e t a i l s  a r e  g iven  o f  how th e  o th e r  t r i a l s  were ta k e n  up by 
c o n t r a l a t e r a l  and non- re sp o n d in g .
Of th e  more r e c e n t  s t u d i e s  which have looked s p e c i f i c a l l y  a t  
l o c a l i s a t i o n  one was by McGurk and MacDonald (1978) where th e y
r e p l i c a t e d  W erthe im er 's  p rocedu re  w ith  fo u r  groups o f  i n f a n t s  from 
th r e e  to  tw elve months o f  age. A lthough u s in g  o ld e r  s u b je c t s  th e y  
m onito red  eye movements as  t h e i r  measure o f  l o c a l i s a t i o n  b e h a v io u r  
and found t h a t  when on ly  th o se  t r i a l s  on which eye movements 
o ccu rred  were c o n s id e re d ,  th e n  a t  a l l  ages  tu r n in g  was 
p redom inan tly  i n  th e  d i r e c t i o n  o f  th e  sound s o u rc e .  F u rtherm ore  
th e  d i f f e r e n c e  between i p s i l a t e r a l  and c o n t r a l a t e r a l  t u r n i n g  
in c re a s e d  w ith  in c r e a s in g  age . They concluded t h a t  th e  e f f i c i e n c y  
w ith  which i n f a n t s  could v i s u a l l y  l o c a t e  a sound sou rce  in c r e a s e s  
w i th  in c r e a s in g  age d u r in g  th e  f i r s t  y e a r  o f  l i f e .  As i n  th e  
p re v io u s  s t u d i e s  th e  n o n -resp o n se  r a t e s  were r e l a t i v e l y  h ig h
ran g in g  from 80 p e rc e n t  a t  t h r e e  months to  35 p e rc e n t  a t  tw e lve
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months. O ther s tu d i e s  have been s i m i l a r l y  e q u iv o c a l  i n  t h e i r  
r e s u l t s .
A le g r ia  and N o iro t  (1978) p r e s e n te d  n eo n a te s  w ith  a v o ic e  
s t im u lu s  c o n s i s t i n g  o f  r e p e t i t i o n s  o f  one word f o r  40 se c o n d s ,  i n  
one o f  th r e e  p o s i t i o n s  -  s t r a i g h t  ahead o r  90 deg rees  to  th e  
i n f a n t ' s  r i g h t  o r  l e f t .  They reco rd ed  th e  i n f a n t ' s  head p o s i t i o n  
i n  term s o f  th e  d i r e c t i o n  o f  r e g a rd  w ith  r e s p e c t  to  th e  sound 
p r e s e n t a t i o n  p o s i t i o n s  a t  th e  beg in n in g  o f  each e p iso d e  and 
m onito red  head movement and eye opening th roughou t th e  t r i a l .
A lthough th e r e  was a s i g n i f i c a n t  e f f e c t  i n  t h a t  th e r e  were more 
p o s i t i v e l y  o r i e n t e d  head movements th a n  n e g a t iv e  i n  th e  
e x p e r im e n ta l  group ( th e r e  were an equa l number o f  s u b j e c t s  i n  a 
n o -s t im u lu s  c o n t r o l  g ro u p ) ,  t h i s  e f f e c t  was dependent upon s p e a k e r  
p o s i t i o n .  The r i g h t  hand lo u d sp eak e r  e l i c i t e d  as  many n e g a t iv e  
head movements ( i . e .  i n  th e  o p p o s i te  d i r e c t i o n )  as  p o s i t i v e .
Secondly , and s u r p r i s i n g l y  th e  la t e n c y  o f  any head movement
( p o s i t i v e  o r  n e g a t iv e )  was n o t  s i g n i f i c a n t l y  s h o r t e r  i n  th e
e x p e r im e n ta l  th a n  i n  th e  c o n t r o l  group, a l th o u g h  t h e r e  was a 
tendency f o r  i t  to  be so . N ine teen  p e rc e n t  o f  th e  b a b ie s  i n  th e  
e x p e r im e n ta l  c o n d i t io n  d id  n o t  respond to  any o f  th e  sound
p r e s e n t a t i o n s .
In  a s e r i e s  o f  s t u d i e s  F ie ld  and Muir w ith  v a r io u s  co -w orkers  
have found c o n s i s t e n t  and s i g n i f i c a n t  i p s i l a t e r a l  head tu r n in g  from 
a wide age range  o f  s u b j e c t s ,  n eo n a te s  to  f o u r  month o ld  i n f a n t s ,  
w ith o u t th e  problem o f  l a r g e  n o n -resp o n se  r a t e s  ( F ie ld
e t . a l . ,1979,1980; Muir and F ie ld ,  1979; Muir e t .  a l . ,  1979)*
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P r i n c i p a l l y  t h i s  ap p ea rs  to  have been ach ieved  by u s in g  r e l a t i v e l y  
long  t r i a l s  and sound p r e s e n t a t i o n s  -  a maximum o f  tw enty seconds 
i n  l e n g th  and no s h o r t e r  th a n  t e n  seconds ,  th u s  a l lo w in g  th e  i n f a n t  
a much lo n g e r  p e r io d  th an  most o f  th e  o th e r  s tu d i e s  i n  which to  
respond . They a l s o  em phasise th e  im portance o f  c o n t r o l  o f  some
o th e r  f a c t o r s  -  th e  s t a t e  o f  th e  i n f a n t ,  th e  p o s i t i o n  o f  th e
i n f a n t ,  w e ll  su p p o r ted  b u t  a l lo w in g  f r e e  movement o f  th e  h ead .  Two
o f  th e  s t u d i e s  th ey  c a r r i e d  o u t  (F ie ld  e t .  a l . , 1980 and Muir 
e t . a l . ,  1979 ) were l o n g i t u d i n a l ,  a l th o u g h  th e  l a t t e r  on ly  in c lu d e d  
f o u r  i n f a n t s ,  one o f  whom showed v i r t u a l l y  no ev idence  o f
l o c a l i s a t i o n  th rough  any o f  th e  t e s t i n g .  The h ig h e s t  re sp o n se  
r a t e s  were found soon a f t e r  b i r t h  and a g a in  a t  th r e e  o r  f o u r  months 
o f  age. At one and two months t h e r e  was an i n c r e a s e  i n
no n -resp o n d in g ,  which th e y  i n t e r p r e t  a s  ev idence  o f  l o s s  o f  
l o c a l i s a t i o n  a t  t h a t  age .  One p o s s ib le  e x p la n a t io n  o f  t h i s  p a t t e r n  
i s  t h a t  l o c a l i s a t i o n  shows a c y c l i c a l  p a t t e r n  as  has  been observed  
in  o th e r  forms o f  senso ry -m o to r  competence, f o r  example p re -w a lk in g  
(Bower, 1976). However th ey  could  o f f e r  no e x p la n a t io n  as  to  why 
t h i s  o n - o f f  a s p e c t  o f  l o c a l i s a t i o n  should  o ccu r .
The second m ajor respone  measure p r im a r i ly  used w ith  n e o n a te s ,  
i s  i p s i l a t e r a l ,  c o n ju g a te  eye movements. W ertheimer (1961) s tu d ie d  
an i n f a n t  who was te n  m inu tes  o ld  a t  th e  com ple tion  o f  th e  
experim ent and reco rded  eye movements to  l a t e r a l l y  p re s e n te d  c l i c k s  
from a toy  ' c r i c k e t 1. He observed  t h a t  on th e  f i r s t  p r e s e n t a t i o n  
th e  baby
'who had been c ry in g  w ith  eyes c lo se d ,  
s topped  c ry in g ,  opened h e r  eyes ,  and 
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tu rn e d  them in  th e  d i r e c t i o n  o f  th e  c l i c k '
W ertheim er, 1961, p 1692.
He re p e a te d  th e  p r e s e n t a t i o n  a number o f  tim es and observed  t h a t  o f  
22 t r i a l s  on which c o n s i s t e n t  eye movements were seen ,  18 w ere 
tow ards th e  c l i c k  and on ly  4 were away from th e  sound. He 
i n t e r p r e t e d  t h i s  f in d in g  as a v i s u a l  re sp o n se  and f u r t h e r  
s p e c u la te d  t h a t  th e  im p lied  in te r -m o d a l  c o o rd in a t io n  i s  based  on 
in n a te  s p a t i a l  p e r c e p t io n .  However, Turkew itz  and h i s  c o l le a g u e s  
i n  a s e r i e s  o f  s t u d i e s  reco rd ed  th e  eye movements o f  two and t h r e e  
day o ld  b a b ie s  by e lec tro m y o g rap h ic  r e c o rd in g s  o f  th e  m uscles  
around each eye. In  th e  f i r s t  o f  th e s e  (T urkew itz ,  B irc h ,  Moreau, 
Levy and Cornw ell,  1966) i t  was found t h a t  a l th o u g h  any eye 
movements t h a t  were reco rd ed  were p redom inan tly  i n  th e  d i r e c t i o n  o f  
th e  sound sou rce  (a  w h ite  n o i s e ) ,  t h e r e  was no d i f f e r e n c e  i n  th e  
degree  o f  response  w hether  th e  b a b y 's  eyes were open o r  c lo s e d .  
Freedman (1974) a l s o  observed  t h a t  b l i n d  i n f a n t s  w i l l  t u r n  t h e i r  
eyes towards a sound sou rce  i n  th e  f i r s t  few weeks o f  l i f e .  Given 
th e  r e l i a b i l i t y  o f  th e se  f in d in g s  i t  would seem l i k e l y  t h a t  even i f  
i p s i l a t e r a l  eye movements a r e  i n d i c a t i v e  o f  l o c a l i s a t i o n  th e y  a r e  
n o t  p r im a r i ly  a phenomenon o f  a v i s u a l  n a t u r e ,  b u t  a r e  more l i k e l y  
to  r e f l e c t  a form o f  a u d i to ry -m o to r  c o o rd in a t io n ,  pe rhaps  even 
r e f l e x i v e  b eh av io u r .  I f  th e  phenomenon i s  a v i s u a l  re sp o n se  th e n  
one would s u r e ly  n o t  ex p ec t  th e  b l in d  i n f a n t s  to  respond and a l s o  
ex p ec t  some d i f f e r e n c e s  a c c o rd in g  to  w hether th e  i n f a n t ' s  eyes  were 
open o r  c lo se d .
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C o n s is te n t  w i th  t h i s  i n t e r p r e t a t i o n ,  T urkew itz ,  Moreau, B irch  
and Davis (1971) found in c r e a s in g  i p s i l a t e r a l  re sp o n d in g  w ith  
in c r e a s e s  i n  th e  i n t e n s i t y  o f  l a t e r a l l y  p re se n te d  h u r s t s  o f  w h ite  
n o is e .  F u r th e r  th ey  a l s o  found no ev idence  o f  a s i m i l a r  i n c r e a s e  
i n  c o n t r a l a t e r a l  re sp o n d in g ,  which has  a l s o  been proposed as  an 
i n d i c a t o r  o f  l o c a l i s a t i o n  (B u tte rw o r th  and C a s t i l l o ,  1976). 
McGurk, Turnure and C re ig h to n  (1977) i n  a r e p l i c a t i o n  o f  th e  
o r i g i n a l  Wertheimer s tu d y ,  found a tendency  towards c o n t r a l a t e r a l  
r e sp o n d in g ,  b u t  i t  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  This 
p r im a r i ly  n e g a t iv e  r e s u l t  h i g h l i g h t s  a n o th e r  sou rce  o f  v a r ia n c e  i n  
s tu d i e s  o f  t h i s  s o r t  -  th e  a u d i to r y  s t im u lu s .  Some s t im u l i  seem to  
be more e f f e c t i v e  e l i c i t o r s  o f  i p s i l a t e r a l  re sp o n se s  th an  o t h e r s .  
Mendelson and H a ith  (1976) found l a t e r a l i s a t i o n  to  v o ic e s  i n  two to  
fo u r  day o ld  b a b ie s ,  b u t  T urkew itz ,  B irch  and Cooper ( l9 7 2 a ,b )  
found no ev idence  o f  l o c a l i s a t i o n  o f  pure  to n e s  i n  one to  t h r e e  day 
o ld  s u b j e c t s .  These l a t t e r  s t u d i e s  have been i n t e r p r e t e d  as  
showing t h a t  pure  to n e s  a r e  n o t  e f f e c t i v e  s t im u l i  f o r  newborns 
r a t h e r  than  t h a t  newborns do n o t  show l o c a l i s a t i o n  rep o n ses  to  pure  
to n e s ,  a s u b t l e  change o f  em phasis .
C r a s s in i  and Boerse (1980) p re s e n te d  n eo n a te s  r e p e a te d ly  w i th  a 
s i n g l e  word and used two l e v e l s  o f  d isp la cem e n t (45 deg rees  o r  90 
deg rees  to  th e  i n f a n t ' s  r i g h t  o r  l e f t ) .  Again t h i s  speech  s t im u lu s  
proved e f f e c t i v e  i n  t h a t  o f  a l l  eye movements, 64 p e rc e n t  were i n  
th e  d i r e c t i o n  o f  th e  sound. However th e  i p s i l a t e r a l  eye r e s p o n se s  
were n o t  s i g n i f i c a n t l y  a f f e c t e d  by th e  degree  o f  l a t e r a l  
d isp la c e m e n t ,  n o r  w hether  th e  sound was p re s e n te d  from th e  r i g h t  o r  
l e f t .
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A ll  o f  th e s e  experim en ts  have i n  common th e  f a c t  t h a t  th e  
a ssessm en t o f  w hether  o r  n o t  l o c a l i s a t i o n  o ccu rs  i s  done on on ly  
th o se  t r i a l s  which show some form o f  eye movement re sp o n se .  That 
i s ,  la c k  o f  a d i r e c t i o n a l  eye movement i s  ta k en  as  n e u t r a l  as  f a r  
as  l o c a l i s a t i o n  i s  concerned . A lthough l o g i c a l l y  i t  i s  t r u e  t h a t  
l o c a l i s a t i o n  could  be p r e s e n t  w ith o u t  t h e r e  b e in g  any i n d i c a t i v e  
re sp o n s e ,  la c k  o f  such re sp o n se s  does n o t  f i t  th e  r e f l e x i v e  
oculom otor i n t e r p r e t a t i o n  o f  l a t e r a l  eye movements, which was 
p re v io u s ly  su g g e s te d .  A d d i t io n a l ly  t h i s  n o n -re s p o n s iv e n e s s  i s  a 
n o t  i n s i g n i f i c a n t  p a r t  o f  th e  s t u d i e s  t h a t  have been d i s c u s s e d .  Of 
th e  e ig h t  s t u d i e s  m entioned so f a r  i n  t h i s  rev iew , f i v e  a l lo w  one 
to  a s s e s s  th e  degree  o f  n o n -re sp o n d in g .  This ranges  from 37 
p e rc e n t  to  as  h ig h  as 80 p e rc e n t  o f  th e  t r i a l s  on which s u b je c t s  
made no d e t e c t a b l e  eye movements. Thus i n  some o f  th e se  s t u d i e s  
th e r e  were a r e  a l a r g e r  number o f  no re sp o n ses  th a n  i p s i l a t e r a l  and 
c o n t r a l a t e r a l  eye movements combined. There a r e  no a t te m p ts  to
e x p la in  o r  i n t e r p r e t  th e s e  no reponse  t r i a l s .  There a r e  t h r e e  
p o s s ib le  rea so n s  f o r  th e s e  h ig h  no reponse  r a t e s .  F i r s t l y ,  i n f a n t s  
may n o t  be h e a r in g  th e  sound. This would ap p ea r  u n l i k e ly  g iven  
t h a t  th e r e  a r e  re sp o n ses  on th e  o th e r  t r i a l s  and o th e r  ev idence  
from e l e c t r o p h y s io l o g i c a l  r e s e a r c h  shows s e n s i t i v i t y  to  a v a r i e t y  
o f  sounds from soon a f t e r  b i r t h  (E isen b e rg ,  1976). Secondly , th e  
i n f a n t  may be h e a r in g  th e  sound b u t  i s  u n ab le  to  l o c a l i s e  i t .  
T h i rd ly ,  th e  i n f a n t  i s  h e a r in g  th e  sound and can lo c a t e  i t  i n  space  
b u t  f o r  some rea so n  o r  a n o th e r  does n o t  t r a n s l a t e  t h i s  i n t o  an 
a p p r o p r ia t e  l o c a l i s a t i o n  re sp o n se .  None o f  th e  s t u d i e s  to  d a te  has  
fo rm u la ted  th e s e  p o s s i b i l i t i e s  f a r  l e s s  a t tem p ted  to  d i f f e r e n t i a t e  
between them e x p e r im e n ta l ly .  This w i l l  be d is c u s s e d  l a t e r  on.
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The problem o f  th e  o ccu rren c e  and o n se t  o f  l o c a l i s a t i o n  
beh av io u r  becomes even more in v o lv ed  when one a t te m p ts  to  d e a l  w ith  
th e  i n t e r p r e t a t i o n  o f  what k ind  o f  u n d e r ly in g  p ro c e ss  o r  mechanism 
i t  r e f l e c t s .  That i s  w hether  th e  observed  o r i e n t a t i o n  b eh av io u r  
i n d i c a t e s  th e  h ig h e r  o r  low er l e v e l  o f  p ro c e s s in g  d is c u s s e d  
e a r l i e r .  The i s s u e  i s  com plica ted  by th e  f a c t  t h a t  head and eye 
movement can be p a rs im o n io u s ly  seen  as  an o r i e n t a t i o n  o f  th e  e a r s  
to  b r in g  th e  sound sou rce  to  th e  same i n t e n s i t y  l e v e l  a t  each  e a r ,  
and a l s o  e q u i d i s t a n t  to  each  e a r .  However eye movement a lo n e  could  
n o t  be accommodated i n t o  th e  same framework, b u t  i t  i s  eye 
movements which a r e  used as th e  re sp o n se  measure w ith  th e  y ounges t  
s u b j e c t s ,  and p ro v id e s  th e  most e q u iv o c a l  r e s u l t s  as  to  th e  
r e l i a b i l i t y  o f  th e  o ccu rren c e  o f  th e  phenomenon. From th e  ev idence  
so f a r  g a th e re d  th e  eye movement re sp o n se  i s  perhaps  b e s t  viewed i n  
n eo n a te s  as  an ocu lo -m o to r  r e f l e x  in  re sp o n se  to  sound whose 
o ccu rren ce  w i l l  be dependent upon th e  n a tu r e  o f  th e  s t im u lu s  and 
th e  s t a t e  o f  th e  organism . This does n o t  however p re c lu d e  th e  
p o s s i b i l i t y  t h a t  i t  may be an im p o r ta n t  p r e c u r s o r  to  l a t e r  
co o rd in a te d  a u d i t o r y - v i s u a l  b ehav iou r  (Turkew itz  e t . a l . ,  1966).
S im i la r ly ,  head and eye movement i n  o ld e r  i n f a n t s  may a l s o  be 
on ly  an e a r l y  s ta g e  o f  p r e - i n t e g r a t i v e  p ro c e s s in g .  I f  such head 
tu r n in g  i s  m erely  an o r i e n t a t i o n  o f  th e  a u d i to r y  r e c e p to r s  w i th  
v i s u a l  p ro c e s s in g  a c o -o c c u rr in g  b u t  independen t b eh av io u r  th e n  
e a r l y  i n  l i f e  one should  o bserve  as  much c o n t r a l a t e r a l  o r i e n t a t i o n  
as  i p s i l a t e r a l  to  sound so u rc e s  i n  th e  h o r i z o n t a l  p la n e ,  s in c e  i t  
should  be im m ate r ia l  w hether  th e  sound sou rce  i s  i n  th e  back o r  
f r o n t  a s  long  as i t  i s  d i r e c t l y  m id l in e .  Thus th e  d i r e c t i o n  o f  th e
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o r i e n t a t i o n  re sp o n se  would be governed by th e  v a r io u s  p h y s ic a l  
p a ra m e te rs  known to  index  a u d i to r y  s p a t i a l  p o s i t i o n  -  i n t e r - a u r a l  
tim e d i f f e r e n c e s ,  th e  r e l a t i v e  i n t e n s i t y  a t  each e a r  and changes i n  
th e  s p e c t r a l  com position  due to  head shadow (Howard and Templeton, 
1966). Only one s tu d y  has  d i r e c t l y  i n v e s t i g a t e d  th e s e  sound 
l o c a l i s a t i o n  cues w i th  young i n f a n t s .  Bundy (1980) p re s e n te d  two 
and fo u r  month o ld  b a b ie s  w ith  a s in e  wave tone  v ia  a s e t  o f  
headphones. He m an ipu la ted  e i t h e r  th e  i n t e r - a u r a l  time o f  a r r i v a l  
by d e la y in g  th e  tone  to  one e a r  by 300 m icroseconds o r  th e  
i n t e r - a u r a l  i n t e n s i t y  by i n c r e a s in g  th e  to n e  to  one e a r  by 6 dB. 
A dult l i s t e n e r s  p e rce iv ed  th e  s t i m u l i  to  be lo c a te d  to  one s id e  o r  
th e  o th e r .  However Bundy r e p o r t s  t h a t  th e  i n f a n t s  i n  n e i t h e r  age 
group looked towards th e  a p p a re n t  d i r e c t i o n  o f  th e  s t im u lu s .  The 
i n f a n t s  d id  however ap p ea r  to  p e rc e iv e  th e  b in a u r a l  c u e s .  They 
were p re s e n te d  w ith  5 c o n t r o l  t r i a l s  where no sound was p r e s e n te d ,  
15 t r i a l s  where th e  s t im u lu s  had an a p p a re n t  l o c a t i o n  to  one s id e  
and th en  a f u r t h e r  5 t r i a l s  on which th e  s i g n a l s  to  th e  e a r s  were 
re v e rs e d  and th e  a p p a re n t  l o c a t i o n  o f  th e  s t im u lu s  changed to  th e  
o th e r  s id e .  Throughout th e s e  t r i a l s  th e  i n f a n t ' s  v i s u a l  f i x a t i o n  
o f  a p a i r  o f  checkerboard  p a t t e r n s  was a l s o  m on ito red .  This  v i s u a l  
beh av io u r  showed s i g n i f i c a n t  in c r e a s e s  i n  f i x a t i o n  on t r i a l  16, 
a f t e r  d e c l in e  from t r i a l s  1 to  15, f o r  b o th  age groups and b o th  
i n t e r - a u r a l  c o n d i t io n s .  Thus th e  i n t e r p r e t a t i o n  was t h a t  th e  
i n f a n t s  h ea rd  th e  b in a u r a l  cues b u t  could  n o t  o r  would n o t  
t r a n s l a t e  them i n t o  a p p r o p r ia te  l o c a l i s a t i o n s .  U n fo r tu n a te ly  Bundy 
g iv e s  v i r t u a l l y  no in fo rm a t io n  about what l o c a l i s a t i o n  b eh a v io u r  
d id  ta k e  p la c e .  Did h i s  i n f a n t s  s im ply  n o t  respond o r  d id  th ey  
engage i n  a s  much c o n t r a l a t e r a l  as  i p s i l a t e r a l  eye o r  head
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movements? I t  i s  n o t  c l e a r  e i t h e r  what e f f e c t  th e  headphones o r  
th e  a d d i t i o n  o f  th e  checkerboard  p a t t e r n s  might have had on th e  
i n f a n t ' s  b e h av io u r .
The s t im u l i  used in  th e  m a jo r i ty  o f  th e s e  s t u d i e s ,  w i th  th e  
e x c e p t io n  o f  th e  F ie ld  and Muir ex p er im en ts ,  have t y p i c a l l y  been o f  
s h o r t  d u r a t i o n  -  c l i c k s ,  to n e s ,  b u z z e rs .  Thus th e  i n f a n t  n o t  on ly  
has  to  p e rc e iv e  th e  p h y s ic a l  d i f f e r e n c e s  between th e  sounds 
a r r i v i n g  a t  each e a r ,  b u t  a l s o  remember th e  d i r e c t i o n  o f  th e s e  
d i f f e r e n c e s  a f t e r  th e  o n se t  o f  th e  s t im u l i  and t r a n s l a t e  t h i s  
p e rc e p t  i n t o  an a p p r o p r ia t e  o r  in a p p r o p r i a t e  re sp o n se .  I t  would be 
mere s p e c u la t io n  to  a t te m p t  to  a s s e s s  to  what e x te n t  th e  h ig h  
l e v e l s  o f  n o n -respond ing  t y p i c a l l y  observed  in  such s tu d i e s  i s  due 
to  e i t h e r  i n a p p r o p r i a t e  s t im u l i  o r  in a d e q u a te  methods o f  
p r e s e n ta t i o n .  C e r t a in ly  th e  s t u d i e s  in v o lv in g  lo n g e r  d u r a t i o n  
s t im u l i  have proved more e f f e c t i v e  e l i c i t o r s  o f  l o c a l i s a t i o n  
b ehav iou r  and su p p o r t  th e  id e a  p re s e n te d  by B u tte rw o rth  (1980) and 
d e sc r ib e d  in  th e  I n t r o d u c t io n  (pp. 69 ,70) o f  a u d i to r y  memory f o r  
s p a t i a l  p o s i t i o n  be ing  bo th  t r a n s i t o r y  and f r a g i l e .
P ia g e t  (1953) s e e s  th e  e a r l i e s t  s ta g e  o f  development a s  one i n  
which th e  young i n f a n t  i s  m o tiv a ted  to  b r in g  a l l  sen so ry  schem ata -  
v i s io n ,  h e a r in g  e t c .  i n t o  p la y  s im u l ta n e o u s ly ,  such t h a t  th e  
i n f a n t  may see  and h e a r  a t  th e  same t im e ,  b u t  i s  n o t  n e c e s s a r i l y  
lo o k in g  a t  what he o r  she i s  l i s t e n i n g  to .  P ia g e t  see s  t h i s  l a t t e r  
c o o rd in a te d  b ehav iou r  as  o c c u r r in g  between two and f o u r  m onths. 
The ev idence  reviewed h e re  would c e r t a i n l y  lo c a t e  th e  o n s e t  o f  
s y s te m a t ic  l o c a l i s a t i o n  a t  around t h r e e  months, i f  n o t  e a r l i e r .
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O ther s tu d i e s  where l o c a l i s a t i o n  was used as a secondary  re sp o n se  
measure would su p p o r t  t h i s  c o n c lu s io n .  For example McGurk and 
Lewis (1974) which d is p la c e d  th e  m o th e r 's  v o ic e  from her f a c e  found 
e f f i c i e n t  sound l o c a l i s a t i o n  a t  f o u r  months and in c r e a s in g ly  so a t  
seven months, b u t  n o t  a t  one month o f  age . In  a s i m i l a r  s tu d y  
Condry, Haltom and N e is s e r  (1977) found a n o n - s i g n i f i c a n t  t r e n d  
tow ards a p p r o p r ia te  head tu r n in g  w i th  i n f a n t s  one to  two months 
o ld .  F i n a l l y  Lyons-Ruth (1977) c i t e s  ev idence  t h a t  i n f a n t s  younger 
th a n  fo u r  months w i l l  n o t  show r e l i a b l e  o r i e n t a t i o n  to  l a t e r a l l y  
p re s e n te d  sound.
The g e n e ra l  c o n c lu s io n  from th e  i n f a n t  a u d i to r y  l o c a l i s a t i o n  
r e s e a r c h  must be t h a t  from a t  l e a s t  t h r e e  to  fo u r  months o f  age 
young c h i ld r e n  can code th e  s p a t i a l  p o s i t i o n  o f  sounds p re s e n te d  to  
them, b u t  t h a t  th e  r e a l i s a t i o n  o f  t h i s  i s  dependent on a number o f  
f a c t o r s .  Secondly , t h a t  th roughou t th e  f i r s t  y e a r  o f  l i f e  t h i s  
s p a t i a l  re s p o n s iv e n e s s  becomes i n c r e a s in g ly  more e v id e n t .  For 
i n f a n t s  much l e s s  than  t h r e e  months th e  ev idence  i s  more e q u iv o c a l .  
B abies  a t  th e se  ages a r e  c e r t a i n l y  r e s p o n s iv e  to  sound, b u t  t h e r e  
i s  no c l e a r  developm ental t r e n d  from b i r t h ,  o f  in c r e a s in g  a b i l i t y  
to  code s p a t i a l  l o c a t i o n  and t r a n s l a t e  t h a t  i n t o  o r i e n t a t i o n  o f  th e  
head tow ards the  sound so u rc e .
The problem p re v io u s ly  a l lu d e d  to  o f  n o n -respond ing  i s  an 
im p o r ta n t  one and w i l l  now be c o n s id e re d .  P r i n c i p a l l y ,  th e  
q u e s t io n  i s  w hether no re sp o n se  i s  o f  m e th o d o lo g ica l  o r  t h e o r e t i c a l  
im p o rt .  Muir and F ie ld  (1979) em phasise th e  m e th o d o lo g ica l  
im p l i c a t io n s  -  to  o p t im ise  th e  c o n d i t io n s  f o r  re s p o n se s  u se
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r e l a t i v e l y  long  d u r a t io n  s t i m u l i ,  en su re  th e  s u b j e c t s  a r e  i n  an 
awake and a l e r t  s t a t e  e t c .  However, no respond ing  may a l s o  have
t h e o r e t i c a l  im portance .  Most o f  th e  s t u d i e s  reviewed no rm ally
a t te m p t  to  p r e s e n t  to  th e  i n f a n t  a fo rm le ss  o r  un ifo rm  and 
u n i n t e r e s t i n g  v i s u a l  f i e l d  (n o t  a l l  s t u d i e s  g iv e  d e t a i l s  o f  e x a c t ly  
what was i n  th e  i n f a n t ' s  f i e l d  o f  v iew ).  A l l ,  however u se  some 
form o f  o b s e r v a t io n a l  d e v ic e ,  e i t h e r  a l i v e  o b s e rv e r  o r  a v id e o ta p e  
camera. T h e re fo re  th e  ones which a r e  r e c o rd in g  eye movements
c e r t a i n l y  cannot be p r e s e n t in g  a fo rm le ss  f i e l d .  The q u e s t io n  th e n
a r i s e s  o f  to  what e x te n t  may th e  low resp o n se  r a t e s  be due to  th e  
i n f a n t  d i s t r i b u t i n g  o r  fo c u s s in g  h i s  a t t e n t i o n  on som ething o th e r  
th a n  th e  p re se n te d  a u d i to r y  s t im u lu s .  In  t h i s  c o n te x t ,  remember 
th e  Bundy (1980) s tu d y  p re s e n te d  a p a i r  o f  checkerboards  and he 
d e c l in e d  to  r e p o r t  what l e v e l s  o f  l o c a l i s a t i o n  o c c u rre d ,  on ly  t h a t  
th e r e  was no ev idence  o f  a p p r o p r ia t e  b eh av io u r .
More im p o r ta n t ly  i f  th e  i n f a n t  i s  engaging in  some form o f  
s e l e c t i v e  a t t e n t i o n  p ro c e s s  th en  any a t te m p t to  s tu d y  l o c a l i s a t i o n  
by p ro v id in g  a fo rm le s s ,  un ifo rm  v i s u a l  f i e l d  i s  doomed to  f a i l u r e .  
F a r  from e n su r in g  t h a t  th e  i n f a n t  i s  a t t e n d in g  to  th e  p r e s e n te d  
a u d i to r y  s t im u lu s  i t  on ly  means t h a t  th e  ex p e r im en te r  does n o t  know 
what th e  i n f a n t  may be a t t e n d in g  to  i n  th e  env ironm ent.  A much 
b e t t e r  s t r a t e g y  might be to  p ro v id e  th e  i n f a n t  w ith  an a t t e n t i o n  
g e t t i n g  s t im u lu s  and th u s  p a r t l y  en su re  t h a t  a l l  i n f a n t s  d u r in g  a l l  
t r i a l s  a r e  a t t e n d in g  to  th e  same th in g  b e fo re  p r e s e n t a t i o n  o f  th e  
a u d i to r y  s t im u lu s .  Although i t  could  be argued t h a t  t h i s  might 
in c r e a s e  r a t h e r  th a n  d e c re a se  th e  problem o f  la c k  o f  o r i e n t a t i o n ,  
and th e r e  a r e  a t  l e a s t  two rea so n s  why t h i s  might o ccu r ,  b u t  a l s o
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two s o l u t i o n s .  F i r s t l y  th e  i n f a n t  may n o t  o r i e n t  because  h i s  
a t t e n t i o n  i s  ' c a p t u r e d '  by th e  a t t e n t i o n - g e t t i n g  c e n t r a l  s t im u lu s  
and sim ply n o t  p ro c e s s  th e  l a t e r a l i s e d  sound. However, t h i s  could  
be overcome by p r o g r e s s iv e ly  d e c re a s in g  th e  s a l i e n c e  o f  th e  c e n t r a l  
s t im u lu s ,  t h a t  i s  h a b i tu a t i n g  th e  i n f a n t  to  th e  a t t e n t i o n - g e t t e r .  
The second c r i t i c i s m  i s  t h a t  th e  c e n t r a l  s t im u lu s  may ' c a p t u r e '  th e  
sound i t s e l f ,  and th u s  t h e r e  be no o r i e n t a t i o n .  This  i s  th e  
' v i s u a l  dominance' e f f e c t  which has  been d is c u s se d  a t  le n g th  a t  
v a r io u s  p o in t s  i n  th e  I n t r o d u c t io n .  Again t h i s  could be overcome 
by p r e s e n t in g  a n o th e r  sound s t im u lu s  from th e  same lo c a t i o n  a s  th e  
c e n t r a l  a t t e n t i o n  g e t t i n g  s t im u lu s  and would be th e  one most l i k e l y  
to  be ' c a p t u r e d ' .  However, a d e s ig n  o f  t h i s  type  in t r o d u c e s  
a n o th e r  p o t e n t i a l  problem and q u e s t io n  and t h a t  i s  to  what e x t e n t  
can young i n f a n t s  p ro c e ss  two s im u l ta n e o u s ly  p re s e n te d  s tream s  o f  
a u d i to ry  in fo rm a tio n ?  To d a te  t h e r e  i s  no r e s e a r c h  which b e a r s  
upon t h i s  i s s u e .
As has  been no ted  in  th e  I n t r o d u c t io n ,  th e  m a jo r i ty  o f  s t u d i e s  
o f  th e  v i s u a l  and a u d i to r y  c a p a b i l i t i e s  o f  young i n f a n t s  have been 
conducted by p r e s e n ta t i o n  o f  a unimodal s t im u lu s .  Even th e  s t u d i e s  
o f  a u d i to ry  l o c a l i s a t i o n  t h a t  have proposed  a s t ro n g  r o l e  f o r  
v i s i o n  i n  such a t a s k  have g e n e r a l ly  n e g le c te d  th e  p ro c e s s in g  o r  
a t t e n t i o n a l  demands on th e  v i s u a l  system  d u r in g  th e s e  e x p e r im e n ts .  
Thus an i n f a n t  may d i s p la y  q u i t e  d i f f e r e n t  l o c a l i s i n g  a b i l i t i e s  
w i th in  a r e l a t i v e l y  unifo rm  v i s u a l  f i e l d ,  th a n  he does i n  a more 
r e a l i s t i c  s i t u a t i o n .  F urtherm ore , th e  p e r c e p tu a l  environm ent i n  
everyday l i f e  r a r e l y  p r e s e n t s  i n f a n t s  w ith  s in g l e  a u d i to ry  s o u rc e s  
o r  even s in g l e  s o u rc e s  a g a in s t  a background o f  low l e v e l  random
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n o i s e .  Thus a n o th e r  im p o r ta n t  c h a r a c t e r i s t i c  o f  'n o rm a l '  
l o c a l i s a t i o n  beh av io u r  i s  n o t  on ly  th e  p ro c e s s in g  o f  b in a u r a l  cues 
and a p p r o p r ia te  re sp o n d in g  b u t  a l s o  th e  s e p a r a t i o n  o f  com peting 
a u d i to r y  s o u rc e s .  We know t h a t  a d u l t s  u se  p o s i t i o n  i n  space  to  
h e lp  s e p a r a t e  o u t  competing messages (B roadben t,  1954)* The 
q u e s t io n  i s  to  what e x t e n t  do i n f a n t s  a t t e n u a t e  o r  b lock  com peting 
a u d i to r y  in fo rm a t io n  to  focus  on a s e l e c t e d  in p u t?  Secondly , i f  
th e y  engage i n  m o n i to r in g  o f  m u l t ip le  a u d i to r y  so u rc e s  how i s  t h i s  
r e f l e c t e d  i n  t h e i r  o r i e n t a t i o n  and l o c a l i s a t i o n  b eh av io u r?  
Although v i r t u a l l y  no r e l e v a n t  s t u d i e s  have been conducted  w ith  
i n f a n t s  on a u d i to r y  s e l e c t i v e  a t t e n t i o n  th e  l i t e r a t u r e  on a d u l t s  i s  
v a s t  and even t h a t  d e a l in g  w ith  young c h i ld r e n  i s  q u i t e  e x t e n s iv e .  
This w i l l  be reviewed as  b r i e f l y  as  p o s s i b le  i n  o rd e r  to  p ro v id e  a 
c o n te x t  f o r  th e  experim en ts  t h a t  w i l l  be proposed h e r e .
S e le c t iv e  A t te n t io n
The l i t e r a t u r e  on s e l e c t i v e  a t t e n t i o n  seeks  to  e x p la in  th e  
p ro c e s s e s  by which organism s d e a l  w i th  m u l t ip le  so u rc e s  o f  
s t im u la t i o n  which a r e  s im u l ta n e o u s ly  p re s e n te d .  Much o f  th e  
im p o r tan t  t h e o r e t i c a l  work i s  based  on a u d i to r y  ex p er im en ts  and 
w i l l  be th e  main focus o f  t h i s  d i s c u s s io n .  One o f  th e  f i r s t  
c l a s s i c  experim en ts  was t h a t  c a r r i e d  o u t  by Cherry (1953) i n  which 
he asked h i s  s u b je c t s  to  shadow a v o ic e  p r e s e n te d  to  one e a r  w h ile  
a d i f f e r e n t  u n r e la te d  message was p layed  to  th e  o th e r  e a r .  He 
found t h a t  h i s  s u b je c t s  had no d i f f i c u l t y  i n  a t t e n d in g  to  th e  
s e l e c t e d  message and t h a t  th ey  had v i r t u a l l y  no r e c a l l  o f  th e  
c o n te n ts  o f  th e  second message. However, n o t  a l l  th e  in fo rm a t io n
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from th e  second message was l o s t .  S u b je c ts  n o t i c e d  i f  th e  sex  o f  
th e  v o ic e  changed o r  i f  i t  changed from a v o ic e  to  a pu re  to n e .
That i s  t h e r e  seemed to  be some p ro c e s s in g  o f  th e  g ro s s  p h y s ic a l
c h a r a c t e r i s t i c s  o f  th e  competing s t im u lu s .  Broadbent (1958) i n  a 
com prehensive rev iew  o f  th e  l i t e r a t u r e  proposed t h a t  a t  some s t a g e  
i n  th e  c e n t r a l  nervous system , a ' f i l t e r *  a c t s  to  reduce th e  load  
o f  in fo rm a t io n  which converges  on some l im i t e d  c a p a c i ty  p r o c e s s o r .  
I r r e l e v a n t  messages a r e  b locked  and th e  s e l e c t i o n  between r e l e v a n t  
and i r r e l e v a n t  messages ach ieved  by ' t u n i n g '  th e  ' f i l t e r '  to  one o f
any number o f  ch an n e ls  o f  incoming in fo rm a t io n .  E xperim en ta l work
has  been done to  show what some o f  th e s e  channe ls  a r e :  d i r e c t i o n
i n  space (B roadben t,  1954), p a r t i c u l a r  sen se  organs (C herry , 1953) 
o r  v o ic e  q u a l i t y  (Egan, C a r t e r e t t e  and Thwing, 1954; S p ie th  and 
W ebster, 1955)* An im p l ic a t io n  o f  t h i s  model was t h a t  s u b j e c t s  
should  n o t  be a b le  to  d i s c e r n  th e  c o n te n ts  o f  messages on r e j e c t e d  
c h a n n e ls .  This was soon proved to  be wrong. Moray (1959) found 
t h a t  when he preceded  i n s t r u c t i o n s  d e l iv e r e d  to  th e  u n a t te n d e d  e a r  
by th e  s u b j e c t ' s  name th ey  were o f t e n  responded to .  S im i l a r l y ,  
Treisman (1960) found t h a t  words p re s e n te d  to  th e  u n a t te n d e d  e a r ,  
i f  they  were h ig h ly  p ro b ab le  i n  th e  c o n te x t  o f  th e  a t t e n d e d  
message, would o f t e n  s l i p  th rough  th e  ' f i l t e r ' .  Thus a l l  a u d i to r y  
in p u t s  a r e  an a ly sed  a t  some l e v e l .  Treisman (1969) p roposed  a 
m o d i f ic a t io n  o f  B ro a d b e n t 's  model such t h a t  th e  f i l t e r  mechanism 
w h ile  d e t e c t i n g  c e r t a i n  p h y s ic a l  c h a r a c t e r i s t i c s  o f  b o th  m essages,  
a t t e n u a t e s  th e  in fo rm a t io n  from th e  non-shadowed message. The 
second s ta g e  o f  p ro c e s s in g  a f t e r  th e  f i l t e r  in v o lv e s  n e u r a l  u n i t s  
co r re sp o n d in g  to  words i n  th e  s u b j e c t ' s  v o cab u la ry ,  which a r e  
t r i g g e r e d  by in fo rm a t io n  coming from th e  f i l t e r .  Thus words
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b reak in g  th rough  from th e  u n a t ten d ed  o r  competing message a r e  s een  
as  hav ing  tem porary  ( e . g .  words hav ing  h ig h  t r a n s i t i o n  
p r o b a b i l i t i e s  i n  th e  c o n te x t  o f  th e  shadowed message) o r  permanent 
( e . g .  th e  s u b j e c t ' s  name) low er r e c o g n i t io n  th r e s h o ld s  f o r  
a c t i v a t i o n  by incoming s t im u la t i o n .  This model has  two im m ediate 
im p l i c a t io n s  -
( D  i t  means t h a t  th e  s e l e c t i o n  p ro c e ss  canno t be e x p la in ed  
s o l e l y  i n  term s o f  th e  c h a r a c t e r i s t i c s  o f  th e  s t im u lu s  b u t  t h a t  
th e r e  i s  f o r  each in d i v id u a l  a h i e r a r c h i c a l  system  , w ith  
some s t im u lu s  e v en ts  more im p o r ta n t  th a n  o th e r s .  Consequently  
a second s e t  o f  e x p la n a t io n s  i s  r e q u i r e d  to  accoun t f o r  t h i s  
o rd e r in g .
(2 )  c e r t a i n  ty p e s  o f  s t im u la t io n  o r  changes should  always be 
d e t e c te d  by th e  f i l t e r  mechanism. Again a second s e t  o f  
e x p la n a t io n s  i s  r e q u i r e d  to  accoun t f o r  any la c k  o f  re sp o n se s  
to  th e s e  changes.
S ince  Treisman th e r e  have been two f u r t h e r  t h e o r e t i c a l  system s 
proposed which r e j e c t  th e  n o t io n  o f  any i n t i a l  l im i t e d  c a p a c i t y  
f i l t e r  mechanism. Deutsch and Deutsch (1963) and Norman (1968) 
have proposed t h a t  a t t e n t i o n  o p e ra te s  a f t e r  a l l  i n p u t s  a r e  a n a ly se d  
and re c o g n ise d .  This r e c o g n i t io n  however i s  n o t  a t  a c o n sc io u s  
l e v e l  and e v en ts  on u n a t ten d ed  ch an n e ls  a r e  r a p id l y  f o r g o t t e n .  
Norman (1969) t e s t e d  t h i s  decay th e o ry  by p r e s e n t in g  to  s u b j e c t s ,  
in  a shadowing experim en t,  6 d i g i t  numbers to  th e  r e j e c t e d  e a r .  
The r e s u l t s  c l e a r l y  showed t h a t  when t e s t e d  f o r  r e c a l l  im m edia te ly  
a f t e r  p r e s e n t a t i o n ,  s u b j e c t s  performed s u b s t a n t i a l l y  b e t t e r  th a n  
when a tw enty  second d e la y  was in t ro d u c e d .  This s o r t  o f  ev id en ce
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s u p p o r t s  th e  id e a  t h a t  n o t  on ly  s t im u lu s  s e l e c t i o n ,  h u t  a l s o  
re sp o n se  s e l e c t i o n  has  to  he an im p o r ta n t  p a r t  o f  any th e o ry  o f  
s e l e c t i v e  a t t e n t i o n .
The second p o s i t i o n  i s  t h a t  o f  N e is s e r  (1967) who proposed  a 
two s ta g e  p ro c e s s .  The f i r s t  i s  th e  i n t i a l  i d e n t i f i c a t i o n  o f  th e  
s t im u l i  by a mechanism s i m i l a r  to  a p a s s iv e  f i l t e r  system  which he 
term s ' p r e a t t e n t i v e '  p r o c e s s e s ,  e s t a b l i s h i n g  lo c a t i o n  e t c .  The 
second s ta g e  i s
'a n  a c t i v e  p ro c e ss  o f  a n a l y s i s - b y - s y n th e s i s  
i n  which th e  l i s t e n e r  produces  ' i n n e r  speech '
( a t  some l e v e l  o f  a b s t r a c t i o n )  to  match th e  
i n p u t . '
(N e is s e r ,  1967, p . 123)
Thus th e  u n a t ten d ed  message i s  n o t  a t t e n u a t e d ,  n o r  b locked ,  i t  i s  
s im ply n o t  c o n s t r u c te d .  The main d i f f i c u l t y  seems to  c e n t r e  round 
th e  encoding o r  c o n s t r u c t in g  o f  th e  p e r c e p tu a l  h y p o th e s i s .  P eople  
seem to  have v ery  e f f i c i e n t  s e l e c t i o n  p ro c e s se s  w hereas most 
n o n - f i l t e r  models imply t h a t  t h e r e  should  be c o n s id e r a b le  
i n t e r f e r e n c e  from r e j e c t e d  m essages, t h a t  i s ,  what p r e v e n t s  
o v e r lo a d in g  o f  th e  encoding mechanism by a d d i t i o n a l  in p u t  (W alley 
and Weiden, 1973)?
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Recent s u g g e s t io n s  have in t ro d u c e d  th e  id e a  of sam pling  
between channe ls  (Moray and F i t t e r ,  1973) where th e  l e s s  n a iv e  o r  
more p r a c t i s e d  s u b j e c t ,  th e  more e f f i c i e n t  and h ig h e r  i s  th e  r a t e  
o f  sam pling o f  d i f f e r e n t  c h a n n e ls .  Thus i t  i s  seen  as  a form o f  
s k i l l e d  t a s k ,  amenable to  th e  b e n e f i c i a l  e f f e c t s  o f  p r a c t i s e  
(Underwood, 1974)* The o th e r  r e c e n t  in n o v a t io n  by Kahneman (1973) 
i s  th e  id e a  o f  sh a red  a t t e n t i o n  c a p a c i ty  between d i f f e r e n t  i n p u t s ,  
t h a t  i s  a t r a d e - o f f  between p ro c e s s in g  o f  p rim ary  and secondary  
m essages. I t  i s  t h i s  type  o f  h y p o th e s i s  t h a t  should  prove p o s s i b l e  
to  t e s t  w i th in  a developm ental c o n te x t  where presumably v a r i a t i o n  
i n  th e  ta s k  p a ram ete rs  and th e  d i s c r i m in a t io n  o f  changes i n  th e  
u n a t ten d ed  chan n e ls  might p ro v id e  ev idence  on th e  way i n  which 
th e s e  s k i l l s  deve lop .
S e le c t iv e  A t te n t io n  i n  C h ild ren
The f i r s t  developm enta l experim en ts  on s e l e c t i v e  a t t e n t i o n  
c o n c e n tra te d  on th e  d i s t i n c t i o n  between c e n t r a l  v e rs u s  i n c i d e n t a l  
l e a r n in g :  h ig h  c e n t r a l  l e a r n in g  r e f l e c t i n g  s e l e c t i v i t y  i n
a t t e n t i o n  and r e j e c t i o n  o f  unwanted m a t e r i a l ,  and h ig h  i n c i d e n t a l  
l e a r n in g ,  th e  i n t r u s i o n  o f  i r r e l e v a n t  m a t e r i a l .  In  th e  v i s u a l  
domain a v a r i e t y  o f  s t u d i e s  have shown an in c r e a s e  i n  r e c a l l  o f  
c e n t r a l  (o r  r e l e v a n t )  m a te r i a l  w ith  age (S ie g e l  and S tevenson , 
1966; Hagen, 1967; Hawkins, 1973; Conroy and Weener, 1976). 
However, t h e r e  i s  c o n f l i c t i n g  ev idence  w ith  re g a rd  to  th e  r e c a l l  o f  
i n c i d e n t a l  ( o r  i r r e l e v a n t )  m a te r i a l  and age d i f f e r e n c e s .  S ie g e l  
and S tevenson  (1966) u s in g  a th r e e  cho ice  d i s c r i m in a t io n  t a s k  found 
a s i g n i f i c a n t  in c r e a s e  i n  i n c i d e n t a l  l e a r n in g  between th e  ages  o f
Page 107
se v e n  and tw elve y e a r s ,  and a s i g n i f i c a n t  d e c l in e  between th e  ages 
o f  e lev en  and fo u r t e e n  y e a r s .  S u p p o r t iv e  o f  t h i s  Hawkins (1973) 
p re se n te d  two t e l e v i s i o n  f i lm s  to  c h i ld r e n  ran g in g  in  age from 
e ig h t  to  f i f t e e n  y e a r s  and t e s t e d  t h e i r  r e c a l l  o f  m a te r i a l  
i r r e l e v a n t  to  th e  f i lm  p l o t .  He found a c o n s i s t e n t  i n c r e a s e  i n  
r e c a l l  w ith  age when th e  f i lm  was a c h i l d r e n ’s w e s te rn .  However, 
when th e  f i lm  was an a d u l t  w e s te rn ,  th e r e  was an in c r e a s e  w ith  age 
up to  t h i r t e e n  y e a r s  b u t  a d e c l in e  i n  th e  f i f t e e n  y e a r  o ld  g roup .
C onverse ly ,  Hagen (1967), Hagen and Sabo (1967),  Druker and 
Hagen (1967),  Sabo and Hagen (1973) and Conroy and Weener (1976) 
found no changes i n  i n c i d e n t a l  l e a r n in g  w i th  age , between seven  and 
t h i r t e e n  y e a r s ,  b u t  found t h a t  i t  d e c re a se s  a f t e r  t h i r t e e n  y e a r s .  
The q u e s t io n  th e s e  r e s u l t s  pose i s  to  what e x te n t  a r e  c e n t r a l  and 
i n c i d e n t a l  l e a r n in g  to  be reg a rd ed  as independen t p ro c e s s e s ?  A l l  
o f  th e  s t u d i e s  c i t e d  ta k e  as  t h e i r  s t a r t i n g  p o in t  th e  l im i t e d  
c a p a c i ty  in fo rm a t io n  p ro c e s s in g  v iew p o in t  proposed by B roadbent 
(1958).  I f  th e  two m easures a r e  r e l a t e d  as  su g g es ted  by S ie g e l  and 
S tevenson (1966) and Hawkins (1973) th e n  t h a t  im p l ie s  t h a t  th e  
developm enta l cou rse  o f  a t t e n t i o n  i s  one o f  in c r e a s in g  c a p a c i t y .  
However i f  th e  measures a r e  to  be reg a rd ed  as  independen t th e n  th e  
im p l i c a t io n  i s  o f  development p ro ceed in g  by in c r e a s in g  e f f i c i e n c y  
in  th e  s e l e c t i o n  o f  c e n t r a l  m a t e r i a l ,  t h a t  i s  no i n c r e a s e  i n  
c a p a c i ty  bu t perhaps a t r a d e - o f f  between i n c i d e n t a l  and c e n t r a l  
m a t e r i a l .
This d i s t i n c t i o n  i s  r e f l e c t e d  i n  th e  a d u l t  l i t e r a t u r e  
(Treism an, 1969; Kahneman, 1973), where t a s k s  can be e i t h e r  o f
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fo c u sse d  a t t e n t i o n ,  c o n c e n t r a t i n g  on one s t im u lu s  and r e j e c t i n g  a l l  
o t h e r s ,  m easuring th e  e f f i c i e n c y  o f  th e  s e l e c t i o n  system  o r  d iv id e d  
a t t e n t i o n  between two (o r  more) s t i m u l i ,  m easuring th e  e x t e n t  o f  
p a r a l l e l  p ro c e s s in g .  The a p p a re n t ly  c o n t r a d ic t o r y  r e s u l t s  
d e s c r ib e d  above may be r e f l e c t i n g  d i f f e r e n c e s  i n  re sp o n se  s t r a t e g y  
in  th e  c h i ld r e n  engendered by t a s k  v a r i a b l e s  o r  a r t i f a c t s  i n  th e  
ex p e r im e n ta l  d e s ig n .
The same problems e x i s t  i n  a u d i to r y  ex p er im en ts .  Two s o r t s  o f  
t a s k  have been used to  s tu d y  s e l e c t i v e  a u d i to r y  a t t e n t i o n .  
A ud ito ry  ana logues  o f  th e  c e n t r a l - i n c i d e n t a l  l e a r n in g  paradigm f o r  
v i s u a l  s t u d i e s  have been used by H a llahan ,  Kaufman and B a l l  (1974) 
and Conroy and Weener (1976).  Again bo th  s tu d i e s  found in c r e a s e s  
i n  th e  r e c a l l  o f  c e n t r a l  m a te r i a l  over  th e  ages  o f  e i g h t  to  
f o u r te e n  y e a r s .  However, a l th o u g h  b o th  s t u d i e s  a l s o  found an 
in c r e a s e  i n  th e  amount o f  i n c i d e n t a l  l e a r n in g ,  i n  n e i t h e r  c a se  was 
th e  in c r e a s e  w ith  age s i g n i f i c a n t .  Nor i n  th e  H allahan  e t . a l .  
s tu d y  was t h e r e  any i n d i c a t i o n  o f  a sudden in c r e a s e  i n  th e  a b i l i t y  
to  r e c a l l  c e n t r a l  m a te r i a l  r e l a t i v e  to  i n c i d e n t a l  m a te r i a l  i n  th e  
fo u r te e n  y e a r  o ld  group as  had been found i n  th e  v i s u a l  
ex p er im en ts .  T h e i r  c o n c lu s io n  was t h a t  th e  development o f  
s e l e c t i v e  a u d i to r y  a t t e n t i o n  develops  e a r l i e r  and a t  a s lo w er  r a t e  
th a n  s e l e c t i v e  v i s u a l  a t t e n t i o n .  The second paradigm i s  ta k e n  
d i r e c t l y  from t r a d i t i o n a l  e x p e r im e n ta l  psychology and in v o lv e s  
s im u ltaneous  p r e s e n t a t i o n  o f  a u d i to r y  in p u t s  as  i n  th e  'shadow ing ' 
and d i c h o t i c  l i s t e n i n g  t a s k s .  Maccoby and Konrad (1966) p r e s e n te d  
c h i ld r e n  w ith  p a i r s  o f  words e i t h e r  b in a u r a l ly  o r  d i c h o t i c a l l y .  
The c h i ld r e n  ranged i n  age from s i x  to  te n  y e a r s  and were
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i n s t r u c t e d  to  respond to  th e  sex  o f  th e  v o ic e  and r e p e a t  th e  words 
spoken, one a t  a tim e a f t e r  each had been p re s e n te d .  The t a s k  was 
q u i t e  d i f f i c u l t  w i th  on ly  about o n e - th i r d  o f  th e  words r e p o r te d  
c o r r e c t l y .  There were a l s o  c l e a r  c u t  age r e l a t e d  changes i n  
re s p o n s e .  The number o f  c o r r e c t  r e s p o s e s  to  th e  d e s ig n a te d  v o ic e  
in c re a s e d  w ith  age and th e  number o f  i n t r u s i o n  e r r o r s  (words from 
th e  n o n -d e s ig n a te d  v o ic e )  d e c l in e d  w i th  age, and f o r  a l l  age groups 
t h e r e  was b e t t e r  perform ance under  th e  d i c h o t i c  th a n  un d er  th e  
b in a u r a l  c o n d i t io n .  However, t h i s  improvement was no g r e a t e r  f o r  
th e  younger age groups th a n  f o r  th e  o ld e r  age g roups .  This 
s u g g e s ts  th e r e f o r e  t h a t  th e  younger c h i l d ' s  l i m i t a t i o n s  a r e  
c e n t r a l l y  lo c a te d  r a t h e r  th a n  a r e s u l t  o f  say  g r e a t e r  p e r i p h e r a l  
masking o r  p o o re r  a u d i to r y  a c u i t y .  A f u r t h e r  s tu d y  by Maccoby and 
L e i f e r  (1968),  r e p o r te d  in  Maccoby (1969), u s in g  s i n g l e  word 
p r e s e n t a t i o n  confirm ed t h a t  th e s e  age d i f f e r e n c e s  were n o t  due to  
any d i f f i c u l t i e s  th e  younger s u b je c t s  might have had i n  r e p o r t i n g  
th e  s t i m u l i .  Thus th e  problem i s  a p e r c e p tu a l  and s t im u lu s  
s e l e c t i o n  problem r a t h e r  th a n  a re sp o n se  l i m i t a t i o n .
Maccoby (1969) i n t e r p r e t e d  th e s e  r e s u l t s  i n  term s o f  N e i s s e r ' s  
two s ta g e  model, s u g g e s t in g  t h a t  w i th  in c r e a s in g  e x p e r ie n c e  ( a g e ) ,  
more and more f e a t u r e s  o f  a s t im u lu s  complex can be re c o g n ise d  
' p r e a t t e n t i v e l y ' .  O lder c h i ld r e n  s in c e  th ey  have had more 
o p p o r tu n i t i e s  to  l e a r n  d is c r im in a to r y  cu es ,  should  t h e r e f o r e  be 
b e t t e r  a b le  to  s e l e c t  messages a t  th e  i n t i a l  s t a g e .  I f  so ,  th e n  i t  
fo l lo w s  t h a t  i n  a fo cu ssed  a t t e n t i o n  t a s k ,  o ld e r  c h i ld r e n  shou ld  
remember l e s s  o f  th e  d i s t r a c t o r  message th a n  th e  younger c h i l d r e n .  
Although th e  number o f  i n t r u s i o n  e r r o r s  does in c r e a s e  w ith  age t h i s
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does n o t  p ro v id e  an adequa te  t e s t  o f  th e  h y p o th e s i s ,  s in c e  i t  could  
be due to  e i t h e r  b lo c k in g  o r  a t t e n u a t i o n  o f  th e  d i s t r a c t o r  s t im u lu s  
a t  th e  i n t i a l  s ta g e  o r  a l t e r n a t i v e l y  i n h i b i t i o n  o f  in fo rm a t io n  
a v a i l a b l e  about th e  d i s t r a c t o r  s t im u lu s  d u r in g  th e  s e l e c t i o n  t a s k .  
An in g e n io u s  s tu d y  by Doyle (1973) t e s t e d  r e c a l l  o f  b o th  th e  t a r g e t  
message and th e  d i s t r a c t o r  message. She found as i n  Maccoby's 
experim en ts  t h a t  r e t e n t i o n  o f  th e  t a r g e t  message in c re a s e d  l i n e a r l y  
w ith  age from e ig h t  to  fo u r te e n  y e a r s  b u t  t h a t  th e  number o f  
i n t r u s i o n s  from th e  d i s t r a c t o r  message d ec re ase d  w i th  age .
However, she a l s o  found t h a t  r e t e n t i o n  o f  th e  d i s t r a c t o r  message 
was c o n s ta n t  a c ro s s  a l l  t h r e e  age g ro u p s .  Thus th e  more e f f i c i e n t  
p ro c e s s in g  o f  th e  o ld e r  c h i ld r e n  r e l a t e s  to  t h e i r  a b i l i t y  to
i n h i b i t  re sp o n ses  to  th e  u n a t te n d e d  message r a t h e r  th a n  hav in g  a 
more ' f i n e l y  tu n e d '  p r e a t t e n t i v e  p ro c e ss  o r  b e t t e r  d i s c r i m in a t in g  
' f i l t e r '  mechanism.
A f u r t h e r  t e s t  o f  t h i s  h y p o th e s i s  would be to  compare c h i ld r e n  
a t  d i f f e r e n t  ages under c o n d i t io n s  o f  fo cu ssed  and d iv id e d  
a t t e n t i o n .  The p r e d i c t i o n  would be t h a t  a l th o u g h  th e  o ld e r
s u b je c t s  would perform  b e t t e r  i n  b o th  t a s k s ,  t h e r e  should  be some 
change w ith  age, o f  th e  r e l a t i v e  d i f f i c u l t y  o f  each t a s k .
A r e c e n t  s tu d y  by G effen and Sexton  (1978) used a v ig i l a n c e  
type  s e l e c t i v e  l i s t e n i n g  ta s k  i n  which two groups o f  c h i ld r e n ,  
seven to  te n  y e a r s  o ld ,  had to  d e t e c t  t a r g e t  words i n  one o r  b o th  
o f  two s im u l ta n e o u s ly  p re s e n te d  m essages. Table 2.1 shows th e  mean 
p e rc e n ta g e  o f  t a r g e t s  d e te c te d ,  under  each a t t e n t i o n  c o n d i t io n  f o r  
each age group. The fo cu ssed  a t t e n t i o n  c o n d i t io n  r e p l i c a t e s
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D o y le 's  f in d in g s  o f  improved s e l e c t i v e  p e rc e p t io n  w ith  age .  
However i t  does n o t  r e p l i c a t e  th e  improvement w ith  r e s p e c t  to  
i n t r u s i o n  e r r o r s .  The d iv id e d  a t t e n t i o n  c o n d i t io n  i s  more 
d i f f i c u l t  to  i n t e r p r e t .
 Focussed__________________ D ivided________
Age ( y r s . )  A ttended  N on-a ttended  In p u t  1 In p u t  2
7 60 31 61 40
10 84 28 81 54
Table 2.1 Mean p e rc e n ta g e  o f  t a r g e t s  d e te c te d  from each message 
under each e x p e r im e n ta l  c o n d i t io n .
(ad ap ted  from G effen and Sex ton , 1978)
F i r s t l y ,  th ey  found a s i g n i f i c a n t  e a r  advan tage  such t h a t  t a r g e t s  
to  th e  r i g h t  e a r  ( in p u t  1) were d e te c te d  more f r e q u e n t ly  th a n  
t a r g e t s  to  th e  l e f t  e a r .  Secondly , th ey  do n o t  r e p o r t  w he the r  th e  
same e f f e c t  o ccu rred  under th e  fo cu ssed  c o n d i t io n  when l o c a t i o n  was 
th e  s e l e c t i o n  cue. However, i f  one combines th e  r a t e s  f o r  b o th  
i n p u t s  then  i t  can be seen  t h a t  b o th  groups performed b e t t e r  ( i . e .  
d e te c te d  more t a r g e t s )  under  th e  fo cu ssed  c o n d i t io n  th a n  u n d e r  th e  
d iv id e d  c o n d i t io n .  F u r th e r  th e  d i f f e r e n c e s  between c o n d i t io n s  
improves s l i g h t l y  w ith  age . However, i t  does n o t  fo l lo w  from t h i s  
t h a t  th e r e  i s  a developm enta l t r e n d  i n d i c a t i n g  an i n c r e a s i n g  
d i s c r i m in a t iv e  c a p a c i ty  o f  a p r e a t t e n t i v e  f i l t e r  w ith  age .  One 
would f i r s t  want to  confirm  t h a t  th e  c h i ld r e n  under th e  d iv id e d  
a t t e n t i o n  c o n d i t io n  were i n  f a c t  c o n c e n t r a t in g  e q u a l ly  between
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m essages. The co rrespondence  between th e  d e t e c t i o n  r a t e s  o f  In p u t  
1 and th e  a t te n d e d  channe l o f  th e  fo cu ssed  a t t e n t i o n  p rocedu re  
s u g g e s t  t h a t  t h i s  was n o t  th e  c a se .  S tu d ie s  w ith  a d u l t s  have 
c o n s i s t e n t l y  shown g r e a t e r  e f f i c i e n c y  under  fo cu ssed  r a t h e r  th a n  
d iv id e d  a t t e n t i o n  c o n d i t io n s  (Moray and O 'B rien ,  1967)* 
M e th o d o lo g ica l ly  however, t h i s  s tu d y  has  two im p o r tan t  f e a t u r e s .  
F i r s t l y ,  i t  shows t h a t  a 'v i g i l a n c e '  type  t a s k  can be used  and 
prove in fo rm a t iv e  w i th  r e s p e c t  to  th e  development o f  s e l e c t i v e  
a u d i to ry  p ro c e s s in g  and second ly  t h a t  one does n o t  have to  r e l y  on 
v e r b a l  p ro ced u res  and r e s p o n s e s :  th e  s u b j e c t s  p re s s e d  one o r  two
b u t to n s  on h e a r in g  th e  t a r g e t  words.
Although th e s e  s t u d i e s  have looked a t  c h i l d r e n ' s  perform anec 
and found t h a t  a s im u ltan eo u s  competing a u d i to r y  message h as  an 
e f f e c t  on th e  p ro c e s s in g  o f  a d e s ig n a te d  t a r g e t  message, none g iv e  
any c lu e s  a s  to  th e  n a tu re  o f  th e  u n d e r ly in g  p ro c e s s .  I t  i s  c l e a r  
t h a t  i f  some form o f  ' f i l t e r '  mechanism i s  a t  work th e n  i t  i s  n o t  
o f  a b lo c k in g  v a r i e t y  and t h a t  c e r t a i n  a s p e c t s  o f  th e  u n a t te n d e d  
message b reak  th rough  o r  a r e  d e te c te d  by th e  ' f i l t e r ' .  However, i t  
i s  n o t  c l e a r  w hether  th e  mechanisms t h a t  th e  young c h i ld  p o s se se s  
can d e t e c t  th e  changes i n  l o c a t i o n ,  f req u en cy ,  v o ic e  q u a l i t y  e t c .  
t h a t  have been dem onstra ted  in  a d u l t s .
Furtherm ore ,  th e  younges t s u b j e c t s  used have been a t  l e a s t  f i v e  
y e a r s  o ld .  I t  i s  c o n c e iv a b le  t h a t  i f  t h e r e  i s  any developm en ta l 
change i n  say  th e  d i f f e r e n t i a t i o n  o f  th e  v a r io u s  h y p o th e s ise d  two 
s ta g e  p ro c e s s e s  ( p r e a t t e n t i v e  to  a t t e n t i v e ,  f i l t e r  to  d i c t i o n a r y  
u n i t s  e t c . )  t h a t  i t  has  a l r e a d y  o ccu rred  by t h i s  age . P a r t l y  t h i s
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r e f l e c t s  th e  f a c t  t h a t  th e  to p i c  came d i r e c t l y  from m ainstream  
e x p e r im e n ta l  psychology which had used  a lm ost e x c lu s iv e ly  v e r b a l  
p ro ced u re s  and speech  as  th e  main a u d i to ry  s t i m u l i .  I t  would be 
d i f f i c u l t  i f  n o t  im p o ss ib le  to  a d a p t  th e s e  p ro ced u re s  f o r  u se  w i th  
s u b je c t s  much younger th a n  f i v e  y e a r s  o f  age . I t  i s  p a r t  o f  th e  
p u rp o s e .o f  th e  f i r s t  two experim en ts  r e p o r te d  h e re  to  make some 
p ro g re s s  i n  th e  i n v e s t i g a t i o n  o f  s e l e c t i v e  a u d i to r y  p e r c e p t io n  i n  
v e ry  young i n f a n t s .
There i s  no doubt t h a t  b a b ie s  from a v ery  e a r l y  age can a t t e n d  
to  s e l e c t e d  a s p e c t s  o f  m u l t id im e n s io n a l  v i s u a l  s t im u l i  and ig n o re  
o th e r  a s p e c t s .  McGurk (1970) showed t h a t  i n f a n t s  between s i x  and 
tw e n ty -s ix  weeks a re  re s p o n s iv e  to  th e  o r i e n t a t i o n  o f  an o b j e c t .  
His s u b je c t s  showed h a b i t u a t i o n  o f  v i s u a l  f i x a t i o n  to  a r e p e a te d ly  
p re s e n te d  o b je c t  and reco v e ry  o f  v i s u a l  a t t e n t i o n  to  th e  same 
o b je c t  i n  a d i f f e r e n t  o r i e n t a t i o n .  However, he a l s o  showed t h a t  
i n f a n t s  from s i x  months would h a b i tu a t e  to  an o b je c t  r e p e a te d ly  
p re se n te d  i n  d i f f e r e n t  o r i e n t a t i o n s .  Thus th e y  were a p p a r e n t ly  
a b le  to  ig n o re  a p a r t i c u l a r  a t t r i b u t e  o f  th e  s t im u lu s  d e s p i t e  th e  
f a c t  t h a t  t h i s  a t t r i b u t e  was c o n t in u a l l y  changing and th e y  were 
aware o f  i t  as  p a r t  o f  th e  s t im u lu s .  There a r e  no com parable 
s t u d i e s  i n  th e  a u d i to r y  m o d a li ty  w i th  s u b je c t s  o f  t h i s  age .
S im i la r ly ,  when p re se n te d  w ith  two v i s u a l  s t i m u l i ,  i n f a n t s  from 
two months o f  age w i l l  show c o n s i s t e n t  p r e f e r e n c e s ,  t h a t  i s  
s e l e c t i o n  between th e  s t im u l i  (F a n tz ,  1964), a l th o u g h  i t  i s  n o t  
always c l e a r  on what b a s i s  th e  s e l e c t i o n  i s  be ing  made. More 
r e c e n t l y ,  Cohen (1972) has a t tem p ted  to  d i f f e r e n t i a t e  two p ro c e s s e s
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i n  th e  i n f a n t ' s  v i s u a l  b eh av io u r  t h a t  r e f l e c t  two h y p o th e s ise d  
p r o p e r t i e s  o f  o b je c t s  -  ' a t t e n t i o n - g e t t i n g '  and
' a t t e n t i o n - h o l d i n g ' .  He c a p tu re d  fo u r  month o ld  b a b i e s '  a t t e n t i o n  
by a f l a s h i n g  l i g h t  and th en  measured th e  la te n c y  o f  o r i e n t a t i o n  to  
a checkerboard  s t im u lu s  in t ro d u c e d  p e r i p h e r a l l y .  He found t h a t  
t h i s  l a te n c y  was determ ined  more by th e  s i z e  o f  th e  checkerboard  
th an  by th e  number o f  checks. He a l s o  found t h a t  i n f a n t s  tu rn e d  
f a s t e r  to  th e  r i g h t  th a n  th e y  d id  to  th e  l e f t .  The m easures o f  
d u r a t io n  o f  lo o k in g  to  th e  p e r i p h e r a l  s t im u lu s  showed a d i f f e r e n t  
p a t t e r n  o f  r e s u l t s  from th e  l a te n c y  d a ta ,  th u s  s u p p o r t in g  th e  
tw o-p rocess  model. In  a l a t e r  pap er  (Cohen, 1973) he fo rm a l is e d  
th e  model i n t o  a g e n e ra l  th e o ry  o f  v i s u a l  a t t e n t i o n  h y p o th e s i s in g  a 
f i r s t  s ta g e  p e r ip h e r a l  r e c e i v e r  s e n s i t i v e  to  g ro s s  changes i n  th e  
environm ent such as  b r i g h t n e s s ,  movement, s i z e  e t c .  The l i k e l i h o o d  
o f  an o r i e n t a t i o n  re sp o n se  be ing  dependent upon th e  m agnitude o f  
th e se  changes.  This s o r t  o f  model has  obvious s i m i l a r i t i e s  to  th e  
a u d i to r y  f i l t e r  mechanisms proposed  i n  th e  e a r l y  t h e o r i e s  o f  
Broadbent (1958) and Treisman (1969) which have a l r e a d y  been 
d is c u s s e d .
However, a l th o u g h  th e  p re v io u s  d i s c u s s io n  shows ev idence  f o r  
v i s u a l  s e l e c t i o n  by young i n f a n t s  th e  s tu d y  o f  a u d i to r y  s e l e c t i v e  
a t t e n t i o n  poses  some m e th o d o lo g ica l  problem s. In  v i s i o n ,  to  look  
a t  something n e c e s s a r i l y  r e q u i r e s  th e  eyes open, d i r e c t e d  tow ards 
th e  s t im u lu s  and away from competing s t im u l i  i n  o th e r  l o c a t i o n s .  
P ro c e ss in g  o f  a u d i to r y  in fo rm a t io n ,  however, does n o t  r e q u i r e  
s p e c i f i c  o r i e n t a t i o n  o f  th e  e a r s  to  l i s t e n  to  a p a r t i c u l a r  
s t im u lu s .  I t  does mean th e r e f o r e  t h a t  a u d i to r y  s e l e c t i o n
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mechanisms a r e  th en  e n t i r e l y  c e n t r a l l y  lo c a te d  n e u r a l  p ro c e s s e s  
r a t h e r  than  be ing  a ided  by m echan ica l ad ju s tm en t o f  th e  r e c e p t o r s ,  
as i s  th e  c a se  f o r  v i s i o n ,  and th e r e f o r e  p s y c h o lo g ic a l ly  more 
i n t e r e s t i n g .
With a d u l t s  th e r e  i s  l i t t l e  problem in  d e c id in g  upon a 
dependent v a r i a b l e  a s  a re sp o n se  measure t h a t  in d ex es  th e  
u n d e r ly in g  p ro c e s s e s .  S u b je c ts  can be i n s t r u c t e d  to  r e p e a t  word by 
word, one o f  th e  competing messages (C herry , 1955), to  p r e s s  keys 
a c c o rd in g  to  c h a r a c t e r i s t i c s  o f  th e  messages (Moray and J o rd an ,  
1966) o r  to  r e c a l l  a l i s t  o f  d i g i t s  p re s e n te d  to  an u n a t te n d e d  
channe l (Norman, 1968). Obviously  th e s e  te ch n iq u e s  a r e  r e s t r i c t e d  
to  s u b je c t s  cap a b le  o f  u n d e rs ta n d in g  and c a r ry in g  ou t th e se  v e r b a l  
p ro ced u re s  and n o t  a t  a l l  s u i t a b l e  f o r  v e ry  young i n f a n t s .  What i s  
r e q u i r e d  i s  some r e a d i l y  o b se rv a b le  a s p e c t  o f  th e  i n f a n t ' s  
b e h a v io u ra l  r e p e r t o i r e .
O ther s tu d i e s  o f  i n f a n t  a u d i to r y  c a p a c i t i e s  have used m easures 
such as  h e a r t  r a t e  (B r id g e r ,  1961; S t r a t t o n  and Connolly , 1975), 
e lectrom yography  (H u tt ,  e t . a l .  1 968a ,b ) ,  h ig h -am p li tu d e  su c k in g  
( L i p s i t  and Kaye, 1964; Eimas e t . a l .  1971; M il l s  and M elhu ish , 
1974), r e s p i r a t i o n  r a t e  ( S t r a t t o n  and Connolly , 1975), and g e n e r a l  
o v e r t  o r i e n t i n g  b eh av io u r  (Chun, Pawsat and F o r s t e r ,  1960; L ing, 
Ling and Doehring, 1970). T e c h n ic a l ly  th e  L abo ra to ry  was n o t  
equipped to  g a th e r  p h y s io lo g i c a l  m easures o f  t h i s  ty p e ,  n o r  d id  I  
c o n s id e r  them a p p r o p r ia te ,  i n  t h a t  a l th o u g h  they  can p ro v id e  
ev idence  o f  d i s c r i m in a t io n ,  i t  i s  o f t e n  n o t  p o s s i b le  to  d e c id e  on 
what b a s i s  th e  d i s c r i m in a t io n  i s  b e in g  made. Bower (1974a) g iv e s
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an i n c i s i v e  d i s c u s s io n  o f  t h i s  problem w ith  re g a rd  to  a u d i to r y  
l o c a l i s a t i o n .  The example he p ro v id e s  i s  o f  a decrement i n  h e a r t  
r a t e  in c r e a s e  on r e p e a te d  p r e s e n t a t i o n  o f  an a u d i to r y  s t im u lu s  from 
a p a r t i c u l a r  l o c a t i o n .  The p o in t  b e in g  t h a t  even i f  t h e r e  i s  
reco v e ry  from h a b i t u a t i o n ,  i . e .  i n c r e a s in g  h e a r t  r a t e  on 
p r e s e n t a t i o n  o f  th e  same s t im u lu s  from a d i f f e r e n t  s p a t i a l  
p o s i t i o n ,  th e  i n f a n t  may n o t  be re spond ing  to  th e s e  changes as  
p o s i t i o n  changes.  Bower d i f f e r e n t i a t e s  p roxim al s t im u lu s  
d i f f e r e n c e s  from d i s t a l  s t im u lu s  d i f f e r e n c e s .  In  t h i s  c a se  th e  
d i s t a l  p e r c e p t io n  i s  th e  change i n  s p a t i a l  p o s i t i o n  w hereas what 
th e  i n f a n t  could  be re sp o n d in g  to  a r e  th e  proxim al s t im u lu s  changes 
such as th e  d i f f e r e n c e  i n  tim e o f  a r r i v a l  o f  th e  sound to  each  e a r ,  
th e  change i n  r e l a t i v e  i n t e n s i t y  o f  th e  sound a t  each e a r ,  which 
a r e  a s s o c ia t e d  w ith  p o s i t i o n  changes, b u t  show no l o c a l i s a t i o n  
re sp o n se .  Thus i t  i s  im p o r tan t  t h a t  th e  re sp o n se  m easure be 
a p p r o p r ia te  and index  l o c a l i s a t i o n .
V isu a l  f i x a t i o n  as  w e l l  as  b e in g  used as  a measure o f  v i s u a l  
p ro c e s s in g  has  a l s o  been used as  an index  o f  a u d i to ry  p r o c e s s in g .  
Horowitz (1974) and a number o f  co -w orkers ,  i n  a s e r i e s  o f  
h a b i t u a t i o n  s t u d i e s  found t h a t  th e  i n f a n t ' s  v i s u a l  a t t e n t i o n  f i r s t  
d e c l in e d  to  r e p e a te d  p r e s e n t a t i o n  o f  a v i s u a l  s t im u lu s  and th e n  
reco v e re d  b o th  to  th e  in t r o d u c t i o n  o f  an a u d i to r y  s t im u lu s  a f t e r  a 
p e r io d  o f  s i l e n c e  and a l s o  a change from one a u d i to r y  s t im u lu s  to  
a n o th e r .  The s t im u l i  used  were m ain ly  speech .  In  a s i m i l a r  
experim ent McGurk (1977) p r e s e n te d  i n f a n t s  w ith  a ch rom atic  d e s ig n  
and s im u l ta n e o u s ly  from th e  same s p a t i a l  l o c a t i o n  a complex 
rhythm ic tone  p a t t e r n .  Again he observed  h a b i t u a t i o n  o f  v i s u a l
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a t t e n t i o n  from b a b ie s  o ld e r  th a n  s i x  months o f  age . One o f  f o u r  
v i o l a t i o n  c o n d i t io n s  were th e n  in t ro d u c e d  -  th e  v i s u a l  s t im u lu s  
changed to  a d i f f e r e n t  ch rom a tic  p a t t e r n ;  th e  a u d i to ry  s t im u lu s  
changed to  a s i m i l a r  rhythm ic p a t t e r n  b u t  d i f f e r i n g  in  f req u en cy ;  
o r  b o th  changes were made; o r  f i n a l l y  th e  a u d i to r y  s t im u lu s  was 
sim ply  removed. V isu a l  f i x a t i o n  reco v e red  s i g n i f i c a n t l y  to  th e  
f i r s t  t h r e e  changes showing an in c r e a s e  i n  a t t e n t i o n ,  b u t  t h e r e  was 
a s i g n i f i c a n t  d e c re a se  i n  f i x a t i o n  on removal o f  th e  a u d i to r y  
s t im u lu s .  These r e s u l t s  were i n t e r p r e t e d  as  d e m o n s tra t in g  
s im u ltaneous  v i s u a l  and a u d i to r y  p ro c e s s in g  i n  i n f a n t s  o f  th e s e  
ages and p ro v id in g  s t r o n g  su p p o r t  f o r  th e  id e a  t h a t  a young 
i n f a n t ' s  lo o k in g  beh av io u r  can p ro v id e  a r e l i a b l e  index  o f  h i s  
a u d i to r y  a t t e n t i o n  and d i s c r i m in a t io n .
The s tu d y  to  be r e p o r te d  h e re  t a k e s  t h i s  id e a  a s t e p  f u r t h e r  
and u t i l i s e s  n o t  on ly  th e  e x t e n t  o r  d u r a t io n  o f  v i s u a l  f i x a t i o n  b u t  
a l s o  th e  d i r e c t i o n  o f  v i s u a l  r e g a rd  as  an im p o r tan t  component 
measure o f  a u d i to r y  p ro c e s s in g .  The r a t i o n a l e  i s  t h a t  one can 
p ro v id e  th e  i n f a n t  w ith  a s t im u lu s  which w i l l  c a p t u r e 'h i s  a t t e n t i o n  
and a n o th e r  competing a u d i to r y  s t im u lu s  i n  which he w i l l  be 
p re s e n te d  w ith  a ' t a r g e t ' .  For th e  rea so n s  o u t l in e d  on pages 101 
and 102 t h i s  a t t e n t i o n  c a p tu r in g  s t im u lu s  has  to  be an a u d i o - v i s u a l  
complex. The ' t a r g e t '  i n  t h i s  case  w i l l  be a f requency  and rhythm 
change i n  th e  l a t e r a l l y  p re s e n te d  a u d i to r y  s t im u lu s .  This  i s  
d i r e c t l y  e q u iv a le n t  to  th e  type  o f  m o n i to r in g  ta s k  used by G effen 
and Sexton  (1978).  The re sp o n se  in  t h i s  case  , however i s  n o t  th e  
p r e s s in g  o f  a b u t to n ,  b u t  th e  l a te n c y  o f  o r i e n t a t i o n  to  th e  change 
and th e  amount o f  v i s u a l  a t t e n t i o n  p a id  to  th e  new s t im u lu s .
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Assuming th e  d i s c r i m i n a b i l i t y  o f  th e  s t im u l i  f o r  th e  age g roups 
concerned th e n  th e  speed and c o n s is te n c y  o f  any o r i e n t a t i o n  shou ld  
index  th e  i n f a n t ' s  l o c a l i s a t i o n  a b i l i t i e s .  Thus i t  i s  th e  
'n o v e l t y '  o f  th e  changed s t im u lu s  r a t h e r  th a n  th e  a u d i to ry  s t i m u l i  
them selves  t h a t  t e s t  th e  l o c a l i s a t i o n  re sp o n se  and th e r e  need be no 
change i n  th e  p o s i t i o n  o f  th e  s t i m u l i .  I t  has  been argued  e a r l i e r  
and seems re a s o n a b le  to  assume t h a t  changing s t im u l i  a r e  more 
e c o l o g i c a l ly  im p o r tan t  th a n  an unchanging s t im u lu s  and more l i k e l y  
to  produce an o r i e n t a t i o n  re s p o n s e .  The fo l lo w in g  s e c t i o n s  d e s c ib e  
i n  d e t a i l  th e  experim ent perform ed.
Experim ents  1 and 2 used a v a r i a n t  o f  th e  h a b i t u a t i o n  and 
v i o l a t i o n  o f  expec tancy  paradigm . This in v o lv e s  r e p e a te d  
p r e s e n t a t i o n  o f  a s t im u lu s  and o b s e rv a t io n  f o r  d e c re a s in g  re sp o n se  
to  t h i s  s t im u lu s  o ver  th e  r e p e t i t i o n s  o f  i t s '  p r e s e n t a t i o n .  The 
im p o r ta n t  p o in t  however i s  t h a t  t h i s  d e c re a se  i s  n o t  due r e c e p t o r  
o r  organism  f a t i g u e .  This i s  g e n e r a l ly  dem onstra ted  by 
p r e s e n t a t i o n  o f  a d i f f e r e n t  form o f  s t im u la t io n  whereupon th e  
re sp o n se  l e v e l  in c r e a s e s  to  som ething approach ing  th e  o r i g i n a l  
v a lu e .  The d e c l in e  and rec o v e ry  o f  b eh av io u r  i s  g e n e r a l ly  ta k e n  to  
index  some form o f  r e c o g n i t io n  memory where th e  new s t im u lu s  i s  
compared w ith  some r e p r e s e n t a t i o n  o f  th e  o ld  which has  been b u i l t  
up d u r in g  th e  h a b i t u a t i o n  sequence . Recent models and d i s c u s s io n  
a r e  based l a r g e l y  upon S o lo k o v 's  n eu ro n a l  model (Solokov, 1965; 
Cohen, 1976).
This  paradigm was chosen f o r  two re a s o n s .  F i r s t l y ,  th e  main 
i n t e r e s t  was i n  th e  d i s t r i b u t i o n  o f  a t t e n t i o n  to  bimodal s t i m u l i
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and th e  changes t h a t  ta k e  p la c e  i n  t h i s  d i s t r i b u t i o n  over a s h o r t  
p e r io d  o f  t im e . Thus r e p e a te d  p r e s e n ta t i o n  o f  th e  same m a t e r i a l  i s  
one obvious way to  ac h ie v e  t h i s .  The h a b i t u a t i o n  p rocedu re  has  
been s u c c e s s f u l ly  used i n  a l a r g e  number o f  i n f a n t  s t u d i e s  to  
m on ito r  th e  p ro c e s s in g  o f  s t im u lu s  in fo rm a t io n  (se e  Tighe and 
Leaton, 1976, f o r  a number o f  rev iew s o f  th e  l i t e r a t u r e  and an 
ex tended d i s c u s s io n  o f  th e  m ethod). The second main i n t e r e s t  was 
i n  th e  r e a c t i o n s  to  s t im u lu s  change which i s  a g a in  maximised by 
re p e a te d  p r e s e n t a t i o n  o f  f a m i l i a r  m a te r i a l  im m ediate ly  p r i o r  to  a 
new s t im u lu s ,  r a t h e r  th an  s im ply  changing from one s t im u lu s  to  
a n o th e r .
There a r e  two main v a r i a n t s  o f  t h i s  p ro ced u re .  The f i r s t  
employs a f ix e d  number o f  t r i a l s  w ith  a f ix e d  le n g th  o f  t r i a l .  
U n t i l  1972 t h i s  was th e  most p r e v a l e n t  d e s ig n ,  b u t  i t  does have 
s e v e r a l  d is a d v a n ta g e s .  The most c r i t i c a l  i s  t h a t  h a b i t u a t i o n  may 
n o t  ta k e  p la c e  w i th in  t h a t  f ix e d  number o f  t r i a l s .  This may o ccu r  
because  th e  i n f a n t  does n o t  f u l l y  u t i l i s e  th e  whole t r i a l  le n g th  
f o r  p ro c e s s in g  th e  s t im u lu s .  For example w ith  a v i s u a l  s t im u lu s  o f  
30 seconds  t r i a l  l e n g th  th e  i n f a n t ' s  a t t e n t i o n  may be e lsew here  and 
on ly  view th e  s t im u lu s  on th e  l a s t  few seconds o f  th e  t r i a l .  I t  
would be d i f f i c u l t  to  eq u a te  t h i s  i n f a n t  w ith  one who viewed 
th roughou t th e  t r i a l  o r  even one who viewed f o r  on ly  a few seconds 
a t  th e  s t a r t  o f  th e  t r i a l .  However, even i f  one c o n s t r a i n s  th e  
s i t u a t i o n  to  maximise th e  p r o b a b i l i t y  t h a t  th e  i n f a n t  w i l l  a t  l e a s t  
be aware o f  th e  s t im u lu s  from th e  beg in n in g  o f  th e  t r i a l ,  t h e r e  i s  
s t r o n g  ev idence  t h a t  i n f a n t s  a t  th e  same age h a b i t u a t e  a t  d i f f e r e n t  
r a t e s  (McCall, e t . a l . ,  1975)* To c o u n te r  t h i s  d i f f i c u l t y  th e
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second v a r i a n t  was d ev ised  -  th e  i n f a n t  c o n t r o l  p ro ced u re .  This  
in v o lv e s  h a b i tu a t i n g  a l l  i n f a n t s  to  some c r i t e r i o n ,  which i s  
e q u iv a le n t  f o r  each  s u b j e c t .  For s t u d i e s  o f  v i s u a l  a t t e n t i o n  t h i s  
has  been o f  two s o r t s  (1) c o n t in u in g  u n t i l  t h e r e  has been some 
a b s o lu te  amount o f  re sp o n se  decrement o r  ( 2 ) th e  response  decrem ent 
i s  some p e rc e n ta g e ,  no rm ally  50 p e r c e n t ,  o f  th e  i n t i a l  re sp o n se
l e v e l .  This l a t t e r  p rocedu re  has  been by f a r  th e  most p o p u la r
s in c e  i t s 1 development i n  th e  e a r l y  1970 's  (Horowitz e t . a l . ,  1972; 
H orowitz, 1974)* However, even t h i s  method has  drawbacks. A l l  
i n f a n t s  a re  be ing  equated  on th e  r e l a t i v e  amount o f  h a b i t u a t i o n ,  
b u t th e  a b s o lu te  l e v e l s  can v a ry  w idely  as  can th e  t o t a l  amount o f  
s t im u lu s  exposure .  Secondly , a l th o u g h  th e  m a jo r i ty  o f  
i n v e s t i g a t o r s  e s t a b l i s h  th e  i n t i a l  a t t e n t i o n a l  l e v e l  by ta k in g  th e  
mean o f  th e  i n f a n t ' s  f i r s t  th r e e  f i x a t i o n s ,  to  o f f s e t  th e  problem
o f  any p a r t i c u l a r  t r i a l  be ing  u n r e p r e s e n t a t iv e  o f  th e  c h i l d ' s
a t t e n t i o n ,  th e r e  i s  v ery  l i t t l e  j u s t i f i c a t i o n  g iven  f o r  t h i s  as  
opposed to  ta k in g  any o th e r  number o f  t r i a l s  to  e s t a b l i s h  th e  
c r i t e r i o n .  T h i rd ly ,  because  one c o n t in u e s  th e  p r e s e n ta t i o n s  u n t i l  
th e  c r i t e r i o n  i s  reach ed ,  which i s  n o n - a r b i t r a r y  f o r  each 
i n d i v id u a l  c h i l d ,  th en  one has  to  be c a r e f u l  i n  a s s e s s i n g  th e  
re sp o n se  to  s t im u lu s  changes.  As Bogartz  (1965) has  p o in te d  o u t ,  
any p r e s e le c te d  c r i t e r i o n  can be reached  by chance i f  s u f f i c i e n t  
t r i a l s  a r e  p r e s e n te d .  I t  i s  p o s s ib le  t h a t  a t t e n t i o n  i s  c y c l i c a l  
and waxes and wanes acc o rd in g  to  some wave f u n c t io n .  I f  t h i s  i s  
th e  case  th e n  any in c r e a s e  i n  a t t e n t i o n  may n o t  be th e  r e s u l t  o f  
th e  s t im u lu s  change b u t  a r e t u r n  to  a p re v io u s  a t t e n t i o n a l  l e v e l .  
To c o u n te r a c t  t h i s  a l l  s u b je c t  c o n t r o l l e d  p ro ced u res  shou ld  have 
c o n t r o l  c o n d i t io n s  where th e  h a b i t u a t i o n  s t im u lu s  i s  c o n t in u ed
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a f t e r  th e  c r i t e r i o n  i s  reach ed ,  i n  o rd e r  to  a s s e s s  t h i s  p r o b a b i l i t y  
o f  chance in c r e a s e s  i n  a t t e n t i o n .  Secondly , th e  number o f  t r i a l s  
to  reac h  th e  c r i t e r i o n  should  be rough ly  e q u iv a le n t  i n  each g roup . 
These c o n d i t io n s  can  be q u i t e  d i f f i c u l t  to  ach iev e  f o r  any 
p a r t i c u l a r  experim en t .  Fu rtherm ore  th e r e  a r e  a l s o  d i f f i c u l t i e s  i n  
a s s e s s in g  r e l i a b i l i t y  b o th  w i th in  and between o b s e rv e r s  (Ames 
e t . a l . ,  1978). For th e s e  re a so n s  i t  was dec ided  t h a t  th e  f ix e d  
t r i a l  l e n g th ,  f ix e d  number o f  t r i a l s  p rocedu re  be adop ted . Because 
th e  number o f  t r i a l s  i s  f ix e d  th e  c r i t e r i o n  f o r  s t im u lu s  change i s  
a r b i t r a r y  w i th  r e s p e c t  to  each i n d i v i d u a l ' s  l e v e l  o f  h a b i t u a t i o n .  
Thus th e  p r o b a b i l i t y  o f  chance o r  c y c l i c a l  in c r e a s e s  i n  a t t e n t i o n  
be ing  d isp la y e d  on th e  new s t im u lu s  t r i a l  a r e  reduced and th e  t e s t  
i s  co n seq u en t ly  more c o n s e rv a t iv e  th a n  th e  s u b je c t  c o n t r o l l e d  
p ro ced u re .  Secondly th e r e  i s  no need f o r  a c o n t r o l  group who 
r e c e iv e  no s t im u lu s  change, th u s  few er s u b je c t s  a r e  r e q u i r e d  th a n  
would be th e  case  w ith  th e  o th e r  d e s ig n .  As to  th e  c r i t i c i s m  t h a t  
i n f a n t s  may 'm is s '  th e  i n t i a l  p a r t  o f  some t r i a l s ,  i t  was f e l t  t h a t  
t h i s  was l e s s  l i k e l y  to  be a problem h e re  s in c e  th e  v i s u a l  s t i m u l i  
were always b r i g h t  i n  r e l a t i o n  to  t h e i r  su r ro u n d in g s ,  and t h e r e  was 
e i t h e r  one o r  two a u d i to r y  s t im u l i  to  r e c r u i t  a t t e n t i o n .  F u r th e r ,  
s in c e  th e  l a t e n c i e s  o f  th e  f i r s t  f i x a t i o n s  were a l s o  b e in g  
m onito red  one could a s s e s s  w hether  t h i s  e v e n t u a l i t y  was o c c u r r in g  
f o r  p a r t i c u l a r  s u b j e c t s .
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Thus Experiment 1 had two main aims. F i r s t l y ,  i t  was 
des igned  to  examine i n f a n t  a t t e n t i o n  i n  a s i t u a t i o n  analogous to  
th e  ' c o c k t a i l  p a r t y '  paradigm . I t  was assumed t h a t  by p r e s e n t in g  
th e  i n f a n t  w ith  two s p a t i a l l y  s e p a ra te d  a u d i to r y  s t im u l i  (a  v o ic e  
and a complex sound) and by p a i r i n g  one o f  them ( th e  v o ic e )  w i th  a 
v i s u a l  s t im u lu s  o f  known, h ig h  a t t e n t i o n a l  v a lu e  (a  f a c e )  th e n  th e  
s i t u a t i o n  would be fo rm a l ly  i d e n t i c a l  to  a fo cu ssed  a t t e n t i o n  t a s k .  
M on ito r ing  th e  i n f a n t ' s  a t t e n t i o n  to  th e  s t im u l i  would th u s  p ro v id e  
a measure o f  th e  amount o f  ongoing p ro c e s s in g  o f  each s t im u lu s  and 
changing th e  s t im u lu s  p ro v id e  an index  o f  th e  q u a l i t y  o f  t h a t  
p ro c e s s in g  i . e .  to  which a s p e c t s  th e  i n f a n t  was a t t e n d in g  and to  
which he was r e s p o n s iv e .
Secondly , because  th e  a u d i to r y  s t im u l i  a r e  s p a t i a l l y  s e p a r a t e d ,  
i t  was thought t h a t  i t  would be p o s s i b le  to  a s s e s s  th e  deg ree  o f  
spon taneous o r i e n t a t i o n  to  a l a t e r a l l y  d is p la c e d  sound i n  th e  
p re sen ce  o f  competing a u d i to r y  and v i s u a l  s t im u l i  and th u s  in fo rm  
th e  d i s c u s s io n  on th e  n a tu re  o f  a u d io -v i s u a l  i n t e g r a t i o n .
F u r th e r ,  by u s in g  d i f f e r e n t  age groups th e  measurement o f  th e  
o ccu rren ce  and e f f i c i e n c y  o f  th e s e  p ro c e s se s  could  a l s o  be 
m onito red .
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S u b je c ts
P a re n ts  w i th  newborn i n f a n t s  were c o n ta c te d  th rough  g e n e ra l  
p r a c t i c t i o n e r s  and h e a l t h  v i s i t o r s  i n  th e  su r ro u n d in g  l o c a l i t y .  
A f te r  an i n t i a l  i n v i t a t i o n  to  ta k e  p a r t  i n  th e  s tu d y ,  th o se  who 
v o lu n te e re d  were c o n ta c te d  a second time when th e  i n f a n t  reached  
th e  age n e c e s s a ry  f o r  a p a r t i c u l a r  s tu d y  and an appoin tm ent made 
f o r  them to  come to  th e  l a b o r a to r y .  Mothers were asked to  b r in g  
t h e i r  i n f a n t s  when he o r  she  would norm ally  be i n  a wide awake, 
a l e r t  and p r e f e r a b l y  c o n te n te d  s t a t e .  T ra n sp o r t  was p ro v id ed  to  
and from th e  U n iv e r s i ty  i f ' t h e  m other could  n o t  make h e r  own way to  
th e  l a b o r a to r y .
N inety  i n f a n t s  aged between 22 and  51 weeks were t e s t e d  i n  th e  
I n f a n t  L abo ra to ry  which i s  d e s c r ib e d  i n  th e  fo l lo w in g  s e c t i o n .  
S u b je c ts  were s e l e c t e d  from th r e e  age groups such t h a t  each i n f a n t  
was w i th in  app rox im ate ly  two weeks o f  th e  nom inal age f o r  t h a t  
group. The groups were 6 months (mean = 25-2 w eeks; s . d .  = 1 .27
w eeks) ,  9 months (mean = 36 .75  w eeks; s . d .  = 1 .03 weeks) and 12 
months (mean = 49*98 w eeks; s . d .  = 1 .93  w eeks) .  There were
t h i r t y  s u b je c t s  i n  each age group. The numbers o f  male and fem ale  
b a b ie s  i n  each age group was r e s p e c t i v e l y  (12 and 18; 12 and  18;
13 and  17)* Due to  th e  f a c t  t h a t  a l l  s u b je c t s  were v o lu n te e r s  and 
concern  was to  u t i l i s e  them as e f f i c i e n t l y  as  p o s s i b le  i t  was n o t  
c o n s id e re d  p r a c t i c a l  to  a t te m p t  to  match f o r  sex  on a s y te m a t ic  
b a s i s .
Page 124
A nother f o u r te e n  s u b je c t s  were b rought to  th e  la b o r a to r y  b u t  
excluded  from th e  sam ple. Seven were r e j e c t e d  because  th e  c h i ld  
became d i s t r e s s e d  d u r in g  th e  experim en t ,  and a f u r t h e r  two due to  
f a i l u r e  o f  th e  e x p e r im e n ta l  equipm ent. Of th e  rem ain ing  f i v e ,  two 
were excluded  because  th e y  f e l l  a s le e p  and th e  r e s t  because  th e y  
d id  n o t  f i x a t e  th e  v i s u a l  s t im u lu s  on one o f  th e  t r i a l s .
S t im u l i  and A pparatus
The o b s e r v a t io n a l  equipment used i n  th e  la b o r a to r y  i s  shown i n  
F ig u re s  2a and 2b. The p a r t i t i o n  was made up o f  th r e e  s e c t i o n s ,  
each 60 in c h e s  h igh  and 35 in c h e s  lo n g .  The an g le  between th e  
p a n e ls  was 120 d e g re e s .  In  th e  c e n t r e  o f  each p a n e l ,  27 in c h e s
from th e  f l o o r  was a d i s p la y  s c re e n ,  18.5 in c h e s  sq u a re ,  s u i t a b l e  
f o r  th e  r e a r  p r o j e c t i o n  o f  c o lo u r  t r a n s p a r e n c i e s .  On each s id e  o f  
each s c re e n  was an o b s e r v e r ' s  peepho le ,  2 in c h e s  long by 0 .75  
in c h es  h ig h  and 7*75 in c h e s  from th e  to p  o f  th e  s c re e n .  Also on 
each s id e  o f  th e  s c re e n ,  s i t u a t e d  ap p ro x im ate ly  2.25 in c h es  above 
th e  peepho le ,  was a 3 in c h  d ia m e te r  lo u d sp eak e r .  On th e  s u b j e c t ' s  
s id e  a l l  th r e e  p a n e l s ,  a p a r t  from th e  d i s p la y  s c re e n s  were p a in te d  
w h ite  and th e n  covered by a w h i te ,  f i n e ,  c h e e s e c lo th  m a t e r i a l  which 
masked th e  o u t l i n e s  o f  th e  lo u d sp eak e r  h o le s  and th e  o b s e r v e r ' s  
peepho le .  I t  d id  however a l low  th e  o b s e rv e r  an u n in t e r r u p te d  view 
o f  th e  s u b je c t  and th e  r e f l e c t i o n  o f  th e  v i s u a l  s t im u l i  on th e  
p u p i l  o f  th e  s u b j e c t ' s  eye. The c e n t r e  o f  th e  s u b j e c t  c h a i r  was 
s i t u a t e d  a t  a p o in t  e q u i d i s t a n t  from each s c re e n ,  ap p ro x im a te ly  30 
in c h e s .  Each d i s p la y  s c re e n  when viewed f r o n t a l l y  sub tended  a 
v i s u a l  an g le  o f  app rox im ate ly  34 d e g re e s .  S t im u l i  were r e a r
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p r o je c t e d  on to  th e  s c re e n s  by Kodak C arouse l S-AV28 s l i d e  
p r o j e c t o r s  and co m p le te ly  f i l l e d  th e  d i s p la y  a r e a s .  The a u d i to r y  
s t im u l i  were p re s e n te d  from a P h i l i p s  N4414 t a p e  r e c o rd e r  th ro u g h
s e l e c t e d  p a i r s  o f  th e  sp e a k e rs  lo c a te d  on each s id e  o f  th e  d i s p a l y  
s c r e e n s .  One channe l o f  th e  ta p e  r e c o r d e r  was used to  c o n t r o l  th e  
advance mechanism o f  th e  s l i d e  p r o j e c t o r s  and t h e i r  changes from 
t r i a l  to  t r i a l .  A 1000 Hz. e l e c t r o n i c  s i g n a l  was p laced  on t h i s  
t r a c k  a t  s p e c i f i c  tim e i n t e r v a l s .  Used i n  c o n ju n c t io n  w ith  a 
P h i l i p s  N6400 t a p e / s l i d e  s y n c h ro n is e r ,  th e  C arouse l p r o j e c t o r s  were 
a c t i v a t e d  a u to m a t i c a l ly ,  by t h i s  e l e c t r o n i c  s i g n a l .
Each o b s e rv e r  was p rov ided  w ith  a s e t  o f  keys to  re c o rd  th e  
i n f a n t ' s  b eh av io u r  d u r in g  th e  ex p e r im en ts .  These keys were w ired  
d i r e c t l y  to  a C i f e r  Systems 132 d a ta  lo g g e r ,  which i n  a d d i t i o n  to  
a c c e p t in g  up to  s i x t e e n  ch an n e ls  o f  b in a ry  coded in fo rm a t io n  a l s o  
had an i n t e r n a l  c lo c k .  This  c lo ck  could  be m anually  r e s e t  and t h i s  
was c a r r i e d  ou t a t  th e  s t a r t  o f  each p rocedu re  f o r  each s u b j e c t .  
At th e  o ccu rren c e  o f  an even t on th e  o b s e r v e r ' s  keys ,  e i t h e r  th e  
o n s e t  o r  o f f s e t  o f  a ch an n e l,  th e  tim e and th e  s t a t e  (on o r  o f f )  o f  
each channe l was no ted  and punched on to  p aper  ta p e  v i a  a Data
Dynamics 1132 t a p e  punch. At th e  end o f  each s e s s io n ,  th e  d a t a  f o r  
each i n d i v id u a l  s u b je c t  was an a ly se d  by an A lgo l 60 com puter 
programme, s p e c i a l l y  w r i t t e n  by t h i s  a u th o r  on th e  U n i v e r s i t y ' s  
I .C .L .  1905 computer. The o u tp u t  from t h i s  program formed th e  
b a s ic  d a ta  used in  th e  subsequen t a n a ly s e s  and c o n s i s te d  o f  v a r io u s  
b e h a v io u ra l  p a ram e te rs :  l e n g th  o f  f i r s t  f i x a t i o n ,  th e  number o f
f i x a t i o n s  e t c .  f o r  each s t im u lu s  f o r  each t r i a l .
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Loudspeak
Display Panels
Observation Points
Figure 2b Frontal ( subjec t )  view oF the part it ion ,  showing the 
display screens and posit ions  oF the loudspeakers.
A ll  o f  th e  above a p p a ra tu s  was housed to g e th e r  i n  th e  
l a b o r a to r y  ex ce p t  th e  p ap e r  ta p e  punch which was lo c a te d  i n  an 
a d jo in in g  room. The w a l l s  o f  th e  la b o r a to r y  were covered i n  sound 
dampening c a r p e t  t i l e s .  L ig h t in g  was p rov ided  by two low i n t e n s i t y  
b u lb s ,  c o n t r o l l e d  by an a d j u s t a b l e  dimmer s w i tc h ,  a l lo w in g  a low 
l i g h t  l e v e l  d u r in g  th e  run n in g  o f  th e  ex p er im en ts .  Both th e  v i s u a l  
and a u d i to r y  s t im u l i  had r e l a t i v e l y  h ig h  i n t e n s i t y  l e v e l s  i n  
r e l a t i o n  to  th e  am bient l i g h t  and n o is e  l e v e l s .
The v i s u a l  s t im u l i  were chrom atic  s l i d e s  o f  th e  head and
s h o u ld e rs  o f  two young women (s e e  Appendix 1 ) .  Two o f  th e  a u d i to r y  
s t im u l i  were samples o f  con t in u o u s  speech  and two were complex, 
rhythm ic sound p a t t e r n s .  The speech  s t im u l i  were s e p a r a t e  
re c o rd in g s  o f  young fem ale v o ic e s  r e p e a t in g  a s im ple  n u r s e ry  rhyme, 
'The Ugly D u c k l in g ',  p re fa c e d  by th e  v o ic e  say in g  'H e l lo  b a b y ' .  
These r e c o rd in g s  were e x a c t ly  t h i r t y  seconds long  and had been
equated  f o r  lo u d n e ss .  The o th e r  a u d i to r y  s t im u l i  were rhy thm ic  
p a t t e r n s ,  th e  f i r s t  a 'h ig h  f re q u e n c y ' s t im u lu s  a c h i l d ' s  gong and
th e  second a 'low  freq u en cy ' s t im u lu s ,  a drum. Both were b e a te n  to
th e  same rhythm and th e  lo u d n ess  l e v e l s  equa ted .
The v i s u a l  s t im u lu s  was p r o je c te d  on to  th e  c e n t r e  s c r e e n  o f  th e  
a p p a ra tu s  shown i n  F ig u re s  2a and 2b. The speech  s t im u lu s  was
re la y e d  th rough  th e  s p e a k e rs  on th e  c e n t r e  p a n e l ,  numbers 3 an d  4 
and th e  non-speech  s t im u l i  th rough  s p e a k e rs  1 an d  2, from th e
s u b j e c t ' s  l e f t  hand s id e .  I t  was dec ided  to  p r e s e n t  th e  com peting
a u d i to ry  s t im u lu s  from th e  l e f t  to  reduce th e  p o s s i b i l i t y  o f  chance
o r i e n t a t i o n  re sp o n ses  to  th e  l a t e r a l  sound. A number o f  s t u d i e s
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have shown l e f t  tu r n in g  to  he th e  n o n -p re f e r r e d  o r i e n t a t i o n  o f  
young i n f a n t s  (Cohen, 1972; G e s e l l  and Ames, 1950; H a r r i s  and 
M cFarlane, 1974; L e id e r  and K insbourne, 1980).
Procedure
On a r r i v a l  a t  th e  l a b o r a to r y  th e  g e n e ra l  n a tu r e  o f  th e  s tu d y  
was e x p la in ed  to  th e  m other, and a l s o  th e  req u ire m en ts  f o r  t h a t  
p a r t i c u l a r  experim en t.  The m other remained w ith  th e  c h i ld  
th roughou t a l l  th e  p ro c e d u re s .  During th e  experim en t,  th e  m other 
s a t  i n  th e  c e n t r a l  c h a i r  w ith  th e  baby on h e r  la p  o r i e n t e d  i n  a 
p a r t i c u l a r  d i r e c t i o n ,  a cc o rd in g  to  i n s t r u c t i o n s  from th e  
ex p e r im e n te r .  A l l  t e s t i n g  was c a r r i e d  o u t i n  i n d i v id u a l  s e s s i o n s .
Two i n s t r u c t i o n s  were emphasised to  th e  m other. F i r s t l y ,  t h a t  
she should  p la y  as  p a s s iv e  a r o l e  a s  p o s s i b le  and a l low  th e  i n f a n t  
to  look i n  w hichever d i r e c t i o n  he o r  she wanted. Secondly , t h a t  
she could s to p  th e  experim en t a t  any p o in t  i f  she f e l t  t h a t  th e  
c h i ld  was becoming unduly  d i s t r e s s e d .  In  p r a c t i c e  none o f  th e  
s e s s io n s  were te rm in a te d  by th e  m o th e r 's  i n t e r v e n t i o n .  There were 
however o c c a s io n s  when th e  e x p e r im en te r  in te rv e n e d  due to  th e  
c h i l d ' s  f r e t f u l n e s s .  G e n e ra l ly ,  fo l lo w in g  any such d i s r u p t i o n  a 
s e s s i o n  was co n t in u ed  a f t e r  a s h o r t  b re a k ,  i f  i t  was a t  a l l  
p o s s i b l e .  However, th e  r e s u l t s  from any s e s s io n  t h a t  was n o t  
com pleted w ith o u t  i n t e r r u p t i o n  were n o t  in c lu d e d  i n  th e  v a r io u s  
a n a ly s e s .  This p rocedure  was adopted  in  o rd e r  t h a t  th e  m others  
l e f t  th e  l a b o r a to r y  f e e l i n g  t h a t  they  had made some w orthw h ile  
c o n t r i b u t i o n  and t h a t  t h e i r  t r i p  had n o t  been a w aste  o f  t im e .
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This p re se rv ed  good p u b l ic  r e l a t i o n s .  A f te r  th e  s e s s io n  th e  .mother 
was d e b r ie f e d  on th e  e x a c t  n a tu r e  o f  th e  experim ent and asked i f  
she would be w i l l i n g  to  ta k e  p a r t  i n  f u r t h e r  s t u d i e s  i f  r e q u i r e d .  
None o f  th e  m others  i n d i c a t e d  t h a t  th ey  would be u n w i l l in g  to
p a r t i c i p a t e  i n  any f u r t h e r  ex p er im en ts .
A h a b i t u a t i o n  and v i o l a t i o n  o f  expec tancy  paradigm was 
employed, in  which a s e t  o f  one v i s u a l  and two a u d i to r y  s t i m u l i  
were p r e s e n te d  over  s i x  by t h i r t y  second t r i a l s  w ith  a t e n  second 
i n t e r - t r i a l  i n t e r v a l .  The s c re e n  was b lan k  d u r in g  th e  gap between 
t r i a l s .  This  was ach ieved  by i n t e r s p e r s i n g  b lank  opaque s l i d e s  
between th e  fa c e  s t i m u l i .
Table 2 .2  shows th e  b a s ic  e x p e r im e n ta l  d e s ig n .  There were two 
h a b i t u a t i o n  c o n d i t io n s  co r re sp o n d in g  to  th e  (a )  and (b) seq u en ce s .  
The h a b i t u a t i o n / v i o l a t i o n  paradigm assumes t h a t  any d e c re a s e  i n
a t t e n t i o n  to  a re p e a te d  s t im u lu s  i s  th e  r e s u l t  o f  some form o f  
r e p r e s e n t a t i o n  o f  th e  s t im u lu s  b e in g  b u i l t  up by th e  s u b j e c t  and 
t h a t  any change in  b eh av io u r  consequent upon a change i n  th e  
s t im u lu s  p re s e n te d  i n d i c a t e s  th e  i n f a n t ' s  d i s c r i m in a t io n  o f  th e  two 
s t im u lu s  e v e n ts .  I t  i s  im p o r tan t  t h e r e f o r e ,  to  c o n t r o l  f o r  any ji 
p r i o r i  d i f f e r e n c e s  i n  p r e f e r e n c e  th e  i n f a n t s  may have f o r  each 
s t im u lu s  and lo c a t e  th e  change i n  b eh av io u r  to  th e  s t im u lu s  change 
p e r  se  r a t h e r  th a n  th e  p r o p e r t i e s  o f  th e  new s t im u lu s .  Thus h a l f  
th e  s u b je c t s  i n  each age group r e c e iv e d  one s t im u lu s  as  th e
h a b i t u a t i o n  s t im u lu s  and th e  second as  th e  v i o l a t i o n ,  th e  o th e r  
h a l f  r e c e iv e d  th e  r e v e r s e  com bination .
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H a b i tu a t io n  T r i a l s  V io la t io n  T r i a l s V io la t io n  C o n d it io n
1 -  6
(a)
(b)
(a)
(b)
(a )
(b)
C e n t ra l
S tim ulus
L a t e r a l
S tim ulus
C e n t ra l
S tim ulus
L a t e r a l
S tim ulus
Face 1 Face 1
Voice 1; N oise 1 Voice 1; Noise 2 Change o f  l a t e r a l
Face 2 Face 2 a u d i to r y  s t im u lu s
Voice 2; Noise 2 Voice 2; Noise 1
Face 1 Face 1
Voice 1; Noise 1 Voice 2; Noise 1 Change o f  c e n t r a l
Face 2 Face 2 a u d i t o r y  s t im u lu s
Voice 2; N oise 2 Voice 1; Noise 2
Face 1 Face 2
Voice 1; Noise 1 Voice 1; Noise 1 Change o f  c e n t r a l
Face 2 Face 1 v i s u a l  s t im u lu s
Voice 2; Noise 2 Voice 2; Noise 2
T a b le 2 .2 Design o f  th e  h a b i t u a t i o n  and v i o l a t i o n  p r e s e n t a t i o n  
c o n d i t io n s  o f  Experiment 1.
The prim ary  i n t e r e s t  was i n  th e  amount o f  p ro c e s s in g  o f  th e  
s id e  s t im u lu s  t h a t  took p la c e .  I t  was n e c e s s a ry  however to  e n su re  
t h a t  t h i s  should  n o t  ta k e  up most o f  th e  i n f a n t ' s  a t t e n t i o n .  
C onsequen tly ,  a u d i to ry  and v i s u a l  s t im u l i  o f  h ig h  s a l i e n c e  were 
used c e n t r a l l y  to  a t t r a c t  a t t e n t i o n ,  th e  fa c e  and v o ic e  o f  a young 
woman. I t  was assumed t h a t  th e  d u r a t io n  o f  o r i e n t a t i o n  to  th e  s id e
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s t im u lu s  would p ro v id e  an index  o f  th e  amount o f  p ro c e s s in g  
o c c u r r in g ,  t h a t  t h i s  would h a b i t u a t e  over  t r i a l s  and t h a t  th e  
i n t r o d u c t i o n  o f  a d i f f e r e n t  s t im u lu s  and th e  i n f a n t ' s  r e a c t i o n  to  
i t  would i n d i c a t e  th e  q u a l i t y  o f  t h i s  p ro c e s s in g :  th u s  th e  re a so n
f o r  v i o l a t i o n  c o n d i t io n  1. The o th e r  two v i o l a t i o n  c o n d i t io n s  were 
in t ro d u c e d  as  c o n t r o l s .  A lthough an o v e r a l l  p r e fe re n c e  f o r  th e  
c e n t r a l  s t im u lu s  would su g g e s t  t h a t  most p ro c e s s in g  c a p a c i ty  was 
b e in g  a l l o c a t e d  to  th e  f a c e  and v o ic e ,  and t h a t  th e  l a t e r a l  
s t im u lu s  was ' n o n - a t t e n d e d ' , i t  was deemed a d v is a b le  to  t e s t  t h i s  
i n  a more d i r e c t  f a s h io n .  In c re a s e d  c e n t r a l  f i x a t i o n  to  change in  
th e  v o ic e  -  v i o l a t i o n  c o n d i t io n  2 and to  change o f  th e  f a c e  -  
v i o l a t i o n  c o n d i t io n  3> would dem o n stra te  p ro c e s s in g  o f  b o th  th e s e  
a s p e c t s  o f  th e  c e n t r a l  s t im u lu s .
S u b je c ts  were randomly a s s ig n e d  to  c o n d i t io n s  u n t i l  each  row o f  
Table 2 .2  had f i v e  s u b je c t s  from each age group. When th e  i n f a n t  
was b rought i n t o  th e  t e s t i n g  room, th e  main l i g h t s  had a l r e a d y  been 
dimmed and th e  c e n t r a l  s c re e n  l i t  up w ith  a co lou red  s l i d e  o f  a 
l o c a l  view. M others were i n s t r u c t e d  to  s i t  i n  th e  c h a i r  w i th  th e  
i n f a n t  on h e r  la p  w i th  h i s  o r  h e r  body f a c in g  towards th e  c e n t r a l  
s c re e n .  No problem s were encoun te red  i n  a t t r a c t i n g  th e  i n f a n t ' s  
a t t e n t i o n  to  th e  v i s u a l  s t im u lu s ,  n o t  s u r p r i s i n g l y  g iven  th e  h ig h  
s a l i e n c e  o f  i t  w ith  r e s p e c t  to  th e  g e n e r a l ly  uniform  environm ent i n  
which i t  was lo c a te d .
The experim ent commenced when th e  o b s e rv e r  p re s se d  th e  s t a r t  
b u t to n  on th e  t a p e - r e c o r d e r .  The t im in g  o f  e v e n ts  i s  c r u c i a l  to  
th e  d i s c u s s io n  o f  some o f  th e  r e s u l t s  and w i l l  t h e r e f o r e  be
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o u t l in e d  h e re  i n  some d e t a i l .  The e l e c t r o n i c  p u lse  from th e  
s y n c h ro n is e r  a c t i v a t e d  th e  s l i d e  p r o j e c t o r s ,  i n  t h i s  case  o n ly  th e  
c e n t r a l  p r o j e c t o r .  The a u d i to r y  s t im u l i  were reco rd ed  on th e  ta p e  
such t h a t  th e  speech  s t im u lu s  s t a r t e d  app rox im a te ly  one second 
a f t e r  th e  f a c e  came up on th e  s c r e e n .  The l a t e r a l l y  d i s p la c e d  
n o is e  s t im u lu s  s t a r t e d  ap p ro x im ate ly  one second a f t e r  th e  speech  
t h a t  i s  d u r in g  th e  'b a b y '  o f  th e  i n t i a l  'H e l lo  b a b y ' .  A l l  t h r e e  
s t im u l i  ended s im u l ta n e o u s ly .
O bservers  reco rded  th e  v i s u a l  f i x a t i o n  to  th e  c e n t r e  s t im u lu s  
and to  th e  b lank  s c re e n  from which th e  ry thm ic sound came. T his  
was ach ieved  by d e p re s s in g  a p p r o p r ia t e  keys connec ted  to  th e  d a t a  
lo g g e r  when th e  r e f l e c t i o n  o f  each o f  th e s e  s t im u l i  could  be seen  
r e f l e c t e d  o f f  th e  co rn ea ,  j u s t  above th e  p u p i l  o f  th e  i n f a n t ' s  
ey es .  The b lank  s c re e n  could be seen  a s  a g rey  p a tc h .  I t  had been 
in te n d e d  to  measure c o n t r a l a t e r a l  tu r n in g  b u t  i t  soon became 
a p p a re n t  a f t e r  t e s t i n g  a few s u b je c t s  t h a t  th e  in c id e n c e  o f  t h i s  
would be so low as to  make m ean ingfu l i n t e r p r e t a t i o n  im p o s s ib le .  
O b se rv a tio n  took p la c e  a t  p o s i t i o n s  B o r  C when th e r e  was o n ly  one 
o b s e rv e r  and a d d i t i o n a l l y  a t  p o s i t i o n s  C and D when th e r e  were two 
-  see  F ig u re s  2a and 2b, pp 127 and 128. Most o b s e rv a t io n  was done 
s in g ly  by th e  a u th o r .  However, from tim e to  tim e o th e r  c o l le a g u e s  
jo in e d  in  o b s e rv a t io n  and average  r e l i a b i l i t y  was found to  be v e ry  
good a t  an average  c o r r e l a t i o n  o f  0 .9 0 .  D is c re p a n c ie s  t h a t  d id  
a r i s e  were l a r g e l y  th e  r e s u l t  o f  sm a ll  d i f f e r e n c e s  i n  r e c o rd in g  th e  
b e g in n in g s  and ends o f  f i x a t i o n s .  A lthough th e  ex p e r im e n te r  always 
knew to  which c o n d i t io n  a s u b je c t  had been a s s ig n e d ,  second 
o b s e rv e r s  worked ' b l i n d ' .
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Only b a b ie s  who com pleted th e  p rocedu re  w ith o u t  i n t e r r u p t i o n  
were in c lu d e d  in  th e  d a ta  b a s e .  S e s s io n s  t h a t  were i n t e r r u p t e d  
were co n t in u ed  i f  p o s s ib le  b u t  n o t  used  i n  th e  main sample.
R e su l t s
The a n a l y s i s  was conducted  i n  two s t a g e s .  F i r s t l y ,  th e  punched 
ta p e  from th e  d a ta  lo g g e r  f o r  each e x p e r im en ta l  s e s s i o n  was 
an a ly se d  to  t r a n s fo rm  th e  coded in fo rm a t io n  i n t o  th e  b e h a v io u ra l  
p a ram e te rs  r e q u i r e d ,  r e p r e s e n t in g  th e  i n f a n t ' s  a t t e n t i o n  th ro u g h o u t 
th e  experim en t .  This was on a t r i a l  to  t r i a l  b a s i s  c o n s i s t i n g  o f  
th e  d u r a t i o n  o f  th e  f i r s t  f i x a t i o n  to  each s t im u lu s ,  th e  t o t a l  
f i x a t i o n  to  each  s t im u lu s  and th e  number o f  f i x a t i o n s ,  and th e  
l a t e n c y  o f  th e  f i r s t  f i x a t i o n .  This  d a ta  was th e n  c o l l a t e d  o v e r  
g roups o f  i n f a n t s  and s u b je c te d  to  v a r io u s  s t a t i s t i c a l  p ro c e d u re s .  
Whenever an a n a l y s i s  o f  v a r ia n c e  was conducted  t h i s  was c a r r i e d  o u t  
u s in g  th e  I .C .L .  S t a t i s t i c s  Package XDS2. A ll  n o n p a ram e tr ic  
a n a ly se s  and com puta tions  o f  group d i f f e r e n c e  s i g n i f i c a n c e  l e v e l s  
u s in g  m u l t ip l e  com parison p ro ced u re s  were c a r r i e d  o u t  m anually  
u s in g  s ta n d a rd  s t a t i s t i c a l  t e x t s ,  S ie g e l  (1956) and Winer (1962) 
r e s p e c t i v e l y .
There were seven dependent m easures d e r iv e d  from th e  
o b s e r v a t io n a l  d a ta  f o r  each t r i a l :  th e  l e n g th  o f  th e  f i r s t
f i x a t i o n  to  th e  c e n t r e  s t im u lu s  and to  th e  s id e  s t im u lu s ,  th e  t o t a l  
d u r a t i o n  o f  f i x a t i o n  to  each s t im u lu s  over  th e  t r i a l ,  th e  number o f  
f i x a t i o n s  to  each s t im u lu s  and th e  l a t e n c y  o f  o r i e n t a t i o n  to  th e  
s id e  s t im u lu s .  Every s u b j e c t ' s  i n t i a l  f i x a t i o n  was tow ards  th e
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c e n t r e  s t im u lu s .  F u r th e r  t h e r e  was no c o n t r a l a t e r a l  tu rn in g  as a 
s u b j e c t ' s  f i r s t  f i x a t i o n  away from th e  c e n t r e  s t im u lu s ,  t h a t  i s  
every  s u b j e c t ' s  f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s  was t h e i r  f i r s t  
f i x a t i o n  t h a t  was n o t  d i r e c t e d  tow ards th e  c e n t r e  s t im u lu s .  
O v e ra l l  th e r e  was v e ry  l i t t l e  c o n t r a l a t e r a l  tu rn in g  from any o f  th e  
s u b j e c t s .
F u l l  d e t a i l s  o f  th e  r e s u l t s  a r e  p r e s e n te d  in  Appendix 2 . There 
was l i t t l e  d i f f e r e n c e  i n  th e  p a t t e r n  o f  r e s u l t s  from th e  f i r s t  
f i x a t i o n  d a ta  and th e  t o t a l  f i x a t i o n  d a ta  f o r  each t r i a l .  F o r th e  
sake  o f  c l a r i t y  th e  d i s c u s s io n  h e re  w i l l  c o n c e n t r a te  on th e  t o t a l  
f i x a t i o n  m easures and th e  l a t e n c y  m easures w ith  r e f e r e n c e  to  th e  
o th e r  d a ta  where a p p r o p r ia t e .
H a b i tu a t io n  T r i a l s
The main s t a t i s t i c a l  te ch n iq u e  used was a n a l y s i s  o f  v a r ia n c e  o f  
which s e v e r a l  were conducted . F i r s t l y  a c o n t ro l  a n a l y s i s  was 
c a r r i e d  o u t  on th e  s i x  h a b i t u a t i o n  t r i a l s  to  de te rm ine  w he the r  
th e r e  were any e f f e c t s  consequen t upon which s e t  o f  s t i m u l i  was 
used  as  th e  h a b i tu a t i o n  s t im u lu s  and which th e  v i o l a t i o n  s t im u lu s  
i . e .  com parison o f  th e  (a )  and (b) groups o f  Table 2 .2 .  
S im u ltan eo u s ly ,  th e  d i f f e r e n c e s  between s u b je c t s  abou t to  
e x p e r ien ce  d i f f e r e n t  v i o l a t i o n  c o n d i t io n s  were t e s t e d  to  d e c id e  
w hether  each group was h a b i t u a t i n g  to  th e  same e x te n t  d u r in g  th e  
p r e - v i o l a t i o n  t r i a l s .  Age, S tim ulus  Order and C o n d it io n s  were th e  
between group v a r i a b l e s  and T r i a l s  a w i th in  group v a r i a b l e .
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There was no s i g n i f i c a n t  main e f f e c t  f o r  S tim ulus  Order on any 
measure and no s i g n i f i c a n t  i n t e r a c t i o n  w ith  any o th e r  f a c t o r .  Thus 
which o f  th e  f a c e s ,  v o ic e s  and n o is e s  was used as  th e  h a b i t u a t i o n  
s t im u lu s  and which as  th e  v i o l a t i o n  s t im u lu s  had no a p p r e c ia b le  
e f f e c t  on th e  r e s u l t s .  These g roups were th e n  combined and a 
f u r t h e r  a n a l y s i s  done on th e  r e s u l t a n t  Age(3) by C o n d i t io n s (3 )  by 
T r i a l s ( 6 )  model f o r  th e  h a b i t u a t i o n  t r i a l s .  The t o t a l  f i x a t i o n  
tim es to  th e  c e n t r e  s t im u lu s  showed th r e e  s i g n i f i c a n t  main e f f e c t s  
-  Age (F = 8 .682; d . f .= 2 ,8 1 ;  p< 0 .001 ) ,  C on d it io n s  (F=3-166;
d . f . =2,81; p < 0 .05) and T r i a l s  (F=11.635; d . f . =5,405; p < 0 .0 0 l ) .
There were no s i g n i f i c a n t  i n t e r a c t i o n s .  The e f f e c t  f o r  T r i a l s  i s  
e a s i l y  i n t e r p r e t a b l e ,  t h e r e  i s  a c o n s i s t e n t  d e c l in e  over th e  s e r i e s  
o f  s i x  t r i a l s  a t  each age l e v e l  under  each c o n d i t io n .  This  d e c l in e  
i s  e q u iv a le n t  i n  each o f  th e  t h r e e  age groups a l th o u g h  th e  amount 
o f  f i x a t i o n  i s  age r e l a t e d :  th e  s i x  month group f i x a t e  more th a n
th e  n in e  month group and th e  n in e  month group more th an  th e  tw elve  
month group. The d i f f e r e n c e s  among th e  c o n d i t io n s  a r e  due to  
c o n d i t io n  3 -  change o f  th e  c e n t r a l  v i s u a l  s t im u lu s  -  showing 
s l i g h t l y  lower f i x a t i o n s  over  a l l  th e  t r i a l s  th an  th e  o t h e r  two 
c o n d i t io n s .  The mean v a lu e s  can be seen  i n  Table 2.3* These 
d i f f e r e n c e s  between th e  c o n d i t io n s  a r e  sm a l l  and a l s o  u n i n t e r e s t i n g  
in  th e  p r e s e n t  c o n te x t ,  t h e r e f o r e  th e y  w i l l  be ig n o re d .  F ig u re  2c 
shows th e  d e c l in e  i n  f i x a t i o n  f o r  each age group combined o v er  
c o n d i t io n s .  This f i g u r e  a l s o  shows th e  r e s u l t s  f o r  th e  t o t a l  
f i x a t i o n  to  th e  s id e  s c re e n .
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V io la t io n  C ond it ion  
_______Change__________ 1
T r ia ls
2 3 4 5 6 Mean
L a t e r a l  A ud ito ry  20.44 ' 20 .78  20.11 18.87 18.41 17-29 19-32
C e n t ra l  A ud ito ry  20-34 18.98 17-73 19-41 16.95 16.95 18.39
C e n t ra l  V isu a l  18.66 17*78 16.84 15-94 17.03 14.14 16.74
T ab le2 .3  Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  c e n t r a l  
s t im u lu s  d u r in g  th e  f a m i l i a r i s a t i o n  t r i a l s ,  combined over  a l l  t h r e e  
age g roups .
The t o t a l  f i x a t i o n  tim es  to  th e  s id e  s c re e n  showed no main 
e f f e c t s  f o r  c o n d i t io n s ,  and no s i g n i f i c a n t  i n t e r a c t i o n s .  Age 
(F=11 .15 ;  d . f . =2,81; p < 0 .0 0 l)  and T r i a l s  (F=2.696; d . f . =5,405;
p<0.025) were b o th  h ig h ly  s i g n i f i c a n t .  Again as  F ig u re  2c shows 
th e  T r i a l s  e f f e c t  i s  a c o n s i s t e n t  d e c l in e  over  th e  s u c c e s s iv e  
p r e s e n ta t i o n s  o f  th e  s t im u lu s  complex. I n t e r e s t i n g l y  however, th e  
Age e f f e c t  i s  i n  th e  o p p o s i te  d i r e c t i o n  to  t h a t  o f  th e  f i x a t i o n  to  
th e  c e n t r a l  s t im u lu s .  The tw elve month o ld  group showed most 
f i x a t i o n  to  th e  s id e  and th e  s i x  month b a b ie s  th e  l e a s t .  Thus th e  
o l d e s t  i n f a n t s  d i s t r i b u t e  t h e i r  a t t e n t i o n  between th e  two s t im u lu s  
s e t s  more th a n  do th e  o th e r  two age g ro u p s ,  w ith  th e  s i x  month o ld  
c h i ld r e n  showing th e  e f f e c t  l e a s t  o f  a l l .
The a n a l y s i s  o f  th e  l a t e n c y  to  f i x a t e  th e  s id e  s t im u lu s  a l s o  
r e v e a le d  s i g n i f i c a n t  main e f f e c t s  f o r  Age (F=15-18; d . f . =2,81;
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P<0.001) and T r i a l s  (F=6.52; d . f . =5,405; p<0 .001).  Again th e
r e s u l t s  a r e  e a s i l y  i n t e r p r e t a b l e .  As F ig u re  2d shows th e  t r e n d  
over  th e  h a b i tu a t i o n  t r i a l s  i s  one o f  in c r e a s in g  la te n c y  to  tu r n .  
The t r e n d  w ith  age i s  f o r  th e  o l d e s t  s u b j e c t s  to  o r i e n t  f a s t e s t  and 
th e  youngest s u b je c t s  to  o r i e n t  s lo w e s t  -  d e c re a s in g  la t e n c y  w ith  
i n c r e a s in g  age.
In  summary i t  can be seen  t h a t  even i n  a m u l t i-m o d a l 
m u l t i - s t im u lu s  t a s k  i n f a n t s  from s i x  months show a c o n s i s t e n t  and 
s i g n i f i c a n t  d e c l in e  i n  v i s u a l  a t t e n t i o n  over  a p e r io d  o f  
f a m i l i a r i s a t i o n  t r i a l s .  Thus one can l e g i t i m a t e l y  examine th e  
changes i n  th e  s t im u lu s  p a ram e te rs  in t ro d u c e d  -  the  v i o l a t i o n  
t r i a l s  -  and th e  e f f e c t  t h a t  th e se  changes have on t h i s  a t t e n t i o n a l  
t r e n d .
V io la t io n  T r i a l s
Three independen t groups o f  s u b je c t s  a t  each age l e v e l
ex p er ien ced  each  v i o l a t i o n  c o n d i t io n ,  e i t h e r  changes o f  one o f  th e  
a u d i to r y  s t im u l i  o r  change o f  th e  v i s u a l  s t im u lu s .  The e x am in a t io n  
o f  th e  e f f e c t s  o f  th e s e  s t im u lu s  changes on a t t e n t i o n  was 
u n d e r ta k en  by comparison o f  th e  l a s t  t r i a l  o f  th e  f a m i l i a r i s a t i o n  
sequence , t r i a l  6, and the  t r i a l  i n  which th e  v i o l a t i o n  was 
in t ro d u c e d ,  t r i a l  7 . As in  th e  a n a l y s i s  o f  th e  h a b i t u a t i o n  t r i a l s  
t h e r e  was no e f f e c t  f o r  S tim ulus  Order and th e  d a ta  were t h e r e f o r e  
combined over  th e  two l e v e l s  o f  t h i s  f a c t o r .
Mean v a lu e s  f o r  th e  v a r io u s  m easures a r e  shown i n  T ab les  2 .4  t o
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2 .6 .  F ig u re s  2e, 2£ and 2g show th e  Age by C o n d it io n s  by T r i a l s  
d a ta  f o r  each dependent m easure . For th e  t o t a l  f i x a t i o n  to  th e  
c e n t r e  s t im u lu s  t h e r e  were s i g n i f i c a n t  main e f f e c t s  f o r  Age 
(F=5.23; d . f . =2,81; p < 0 .0 1 ) ,  T r i a l s  (F=4.65; d . f . =1,81; p < 0 .05 )
and s i g n i f i c a n t  i n t e r a c t i o n s  o f  Age by C on d it io n s  (F=3.80; 
d . f . =4,81; p<0 .01) and C o n d it io n s  by T r i a l s  (F=12.69; d . f . =2,81;
P < 0 .001).  I n t e r p r e t a t i o n  o f  th e s e  r e s u l t s  i s  complex. The Age by
C on d it io n s  i n t e r a c t i o n  i s  such  t h a t  th e r e  ap p ea rs  to  be l i t t l e  o r
no d i f f e r e n c e  between th e  age groups i n  c o n d i t io n s  1 an d  3, 
averaged  over t r i a l s  6 and 7» However, i n  c o n d i t io n  2, change o f  
th e  c e n t r a l  a u d i to r y  s t im u lu s ,  th e r e  i s  s u b s t a n t i a l l y  l e s s  v i s u a l  
f i x a t i o n  by th e  12 month o ld  group th a n  th e  6 and 9 month o ld  
i n f a n t s .  This e f f e c t  w i l l  n o t  be pursued  s in c e  f i r s t l y  i t  would be 
d i f f i c u l t  to  p la c e  a p s y c h o lo g ic a l  i n t e r p r e t a t i o n  on i t  and 
second ly  th e  p rim ary  i n t e r e s t  o f  th e  s tu d y  i s  on th e  d i f f e r e n c e s  
between t r i a l  6 and 7 and how th e  Age and C o n d it io n  f a c t o r s  
in f lu e n c e  th e s e  d i f f e r e n c e s .
Table 2 .4  shows th e  V io la t io n  C o n d it io n s  by T r i a l s  i n t e r a c t i o n .  
From t h i s  one can see  t h a t  th e r e  i s  a sm a l l  d e c re a se  i n  f i x a t i o n  to
th e  c e n t r e  s c re e n  under c o n d i t io n  1 -  change o f  th e  a u d i to r y
s t im u lu s  a t  th e  s i d e ,  no change when th e  c e n t r a l  a u d i to r y  s t im u lu s  
i s  r e p la c e d  w i th  a n o th e r  -  c o n d i t io n  2 and  a l a rg e  in c r e a s e  when 
th e  v i s u a l  s t im u lu s  changed from one fa c e  to  a n o th e r  -  c o n d i t io n  3- 
Thus i n  l i n e  w ith  t r a d i t i o n a l  i n t e r p r e t a t i o n s  o f  h a b i t u a t i o n  and 
reco v e ry  to  change th e r e  i s  c e r t a i n l y  s t r o n g  ev idence  o f  p ro c e s s in g  
and memory f o r  th e  v i s u a l  s t im u lu s .
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V io la tio n  C ondition
T r ia ls
6 7
L a t e r a l  A u d ito ry  Change 17.29 15*34
C e n t ra l  A ud ito ry  Change 16.95 17.29
C e n t ra l  V isu a l  Change 14.14 19*92 *p<0.001
T ab le2 .4  Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  c e n t r a l  
s t im u lu s ,  f o r  th e  s t im u lu s  change t r i a l s ,  combined over  age .
A d i f f e r e n t  p a t t e r n  o f  r e s u l t s  was found f o r  f i x a t i o n  to  th e  
s id e  s t im u lu s .  There were s i g n i f i c a n t  r e s u l t s  f o r  b o th  Age 
(F=5•76; d . f . =2,81; p<0.005) and C o n d it io n s  (F=12 .54 ; d . f . =2,81;
P<0.001) ,  b u t  no Age by C o n d it io n s  i n t e r a c t i o n .  As i n  th e  
h a b i t u a t i o n  t r i a l s  f o r  t h i s  m easure , th e  age e f f e c t  was one o f  
in c r e a s in g  a t t e n t i o n  w ith  in c r e a s in g  age. T r i a l s  (F=4«29; 
d . f . =1,81; p<0.05) and C o n d it io n s  by T r i a l s  ( F=11 .9 6 ;  d . f . =2,81;
p<0.001 ) were a l s o  s i g n i f i c a n t .  Table 2 .5  shows th e  mean v a lu e s  
f o r  t h i s  i n t e r a c t i o n .  The f i r s t  c o n d i t io n ,  changing th e  l a t e r a l  
a u d i to ry  s t im u lu s ,  shows a l a r g e  in c r e a s e  i n  f i x a t i o n  r e l a t i v e  to  
th e  low base  l e v e l  on t r i a l  6 . Changing th e  v i s u a l  s t im u lu s  a t  th e  
c e n t r e  r e s u l t e d  i n  a s i g n i f i c a n t  d e c re a se  i n  f i x a t i o n  to  th e  s id e  -  
c o n d i t io n  3> h u t changing th e  a u d i to r y  s t im u lu s  a t  th e  c e n t r e  
showed v i r t u a l l y  no change a t  a l l .  The c o n c lu s io n  i s ,  t h e r e f o r e  
t h a t  th e r e  i s  s u f f i c i e n t  p ro c e s s in g  o f  th e  a u d i to r y  s t im u lu s  a t  th e  
s id e ,  d e s p i t e  th e  low l e v e l  o f  a t t e n t i o n  as  indexed by o r i e n t a t i o n ,
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to  a l low  r e c o g n i t io n  o f  th e  changes i n s t i t u t e d  in  t h i s  exp erim en t .  
S im i la r ly  one can see  th e  r e c i p r o c a l  e f f e c t  on a t t e n t i o n  o f  
in c r e a s in g  th e  p ro c e s s in g  demands o f  th e  c e n t r a l  s t im u lu s  under  
c o n d i t io n  3» t h a t  i s  a d e c re a se  o f  o r i e n t a t i o n  to  th e  s id e .
T r i a l s
V io la t io n  C ond it ion  6_______7
L a t e r a l  A ud ito ry  Change 1.15 3*93 *p<0.001
C e n t ra l  A ud ito ry  Change 0.61 0 .89
C e n t ra l  V isu a l  Change 1.36 0 .32
T a h le 2 .5 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  s id e  s t im u lu s ,  
f o r  th e  s t im u lu s  change t r i a l s ,  combined o ve r  age .
The l a te n c y  d a ta  p ro v id e  s u p p o r t iv e  ev idence  f o r  th e s e  
c o n c lu s io n s .  There were s i g n i f i c a n t  e f f e c t s  f o r  Age (F=11 .2 0 4 ; 
d . f . =2,81; p< 0 .001 ) and C o n d it io n s  (F=4*92; d . f . =2,81; p< 0 .025)
and a s i g n i f i c a n t  C o n d it io n s  by T r i a l s  i n t e r a c t i o n  (F=15«306; 
d . f . =2,81; p < 0 .0 0 l ) .  The mean v a lu e s  f o r  t h i s  i n t e r a c t i o n  a r e
shown i n  Table  2 .6 .  Under change o f  th e  s id e  s t im u lu s  a l l  age 
groups o r i e n t  to  th e  new s t im u lu s ,  n o t  on ly  f a s t e r  th a n  th e y  d id  to  
th e  p r e s e n t a t i o n  on t r i a l  6 b u t  a l s o  f a s t e r  th a n  th ey  d id  to  th e  
f i r s t  p r e s e n t a t i o n  o f  th e  f a m i l i a r i s a t i o n  sequence -  11.05 seco n d s  
on t r i a l  7 as  a g a i n s t  15*68 on t r i a l  1. Again th e r e  i s  a 
consequen t in c r e a s e  i n  l a te n c y  to  f i x a t e  to  th e  s id e  when th e  
p ro c e s s in g  demands o f  th e  c e n t r a l  s t im u lu s  a r e  in c re a s e d  as  i n  
c o n d i t io n  3*
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V io la tio n  C ondition
T r ia ls
6 7
L a t e r a l  A ud ito ry  Change 19.77 11.05 *p<0.001
C e n t r a l  A ud ito ry  Change 19*55 22.28
C e n t r a l  V isu a l  Change 17.12 22.91 *p<0.005
T a b le 2 .6 Mean d u r a t io n  o f  l a te n c y  o f  f i r s t  f i x a t i o n  to  th e  s id e  
s t im u lu s ,  f o r  th e  s t im u lu s  change t r i a l s ,  combined over age .
The r e l a t i o n s h i p s  between th e  d i f f e r e n t  measures can b e s t  be 
ex p lo red  by r e f e r e n c e  to  F ig u re s  2e, 2f and 2g. They i n d i c a t e  t h a t  
w i th in  th e  range s tu d ie d  h e re  t h e r e  a r e  d i f f e r e n c e s  a c ro s s  age 
ta k in g  p la c e .  G en e ra l ly ,  f o r  c o n d i t io n s  1 and 3, the  o ld e r  
c h i ld r e n  show a g r e a t e r  d i s t r i b u t i o n  o f  a t t e n t i o n  between s t im u l i  
and l a r g e r  r e c o v e r i e s  i n  a t t e n t i o n  to  change o f  th e se  s t i m u l i .  
However, none o f  th e  r e l e v a n t  age com parisons approached  
s ig n i f i c a n c e  ( a l l  p>0.1 f o r  the  Age by C on d it io n s  by T r i a l s  
i n t e r a c t i o n s ) .  F i n a l l y  th e r e  i s  no ev idence  o f  reco v e ry  to  change 
from one fem ale vo ice  to  a n o th e r  fem ale v o ic e  re a d in g  i d e n t i c a l  
s c r i p t s .
D iscu ss io n
(a )  s e l e c t i v e  a t t e n t i o n
The r e s u l t s  from t h i s  experim en t,  a l th o u g h  showing a c o n s i s t e n t
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p a t t e r n  do n o t  u n e q u iv o c a l ly  su p p o r t  th e  h y p o th e s i s  t h a t  i n f a n t s  
have w e l l  developed  s e l e c t i v e  a u d i to r y  a t t e n t i o n  c a p a c i t i e s .  I t  i s  
c e r t a i n l y  t r u e  t h a t  l e s s  o v e r t  a t t e n t i o n  i s  p a id  to  a l a t e r a l l y  
p r e s e n te d  a u d i to r y  s t im u lu s  th a n  a c e n t r a l l y  lo c a te d  
a u d i t o r y - v i s u a l  com posite  s t im u lu s .  A lso , th e r e  a r e  s t r o n g ,  
c o n s i s t e n t  age d i f f e r e n c e s  i n  th e  way in  which t h i s  o v e r t  a t t e n t i o n  
i s  d i s t r i b u t e d :  w i th  o ld e r  s u b je c t s  o r i e n t i n g  f a s t e r  and a t t e n d in g
lo n g e r  to  th e  competing s t im u lu s  th a n  th e  younger age g roups . The 
second q u e s t io n  fo llo w s  on from th e se  age d i f f e r e n c e s  -  does t h i s  
in c r e a s in g  d i s t r i b u t i o n  o f  a t t e n t i o n  a f f e c t  th e  l e v e l  o f  p ro c e s s in g  
t h a t  ta k e s  p la c e ?
To answer th e s e  q u e s t io n s  we must f i r s t  c o n s id e r  th e  adequacy 
o f  th e  v i o l a t i o n  c o n d i t io n s  in t ro d u c e d  as  c o n t r o l s .  A ll  t h r e e  age 
groups showed in c re a s e s  to  a new fa c e  p r e s e n te d  on th e  v i o l a t i o n  
t r i a l  a f t e r  c o n s i s t e n t  d e c re a se s  i n  f i x a t i o n  over th e  
f a m i l i a r i s a t i o n  t r i a l s .  This r e p l i c a t e s  o th e r  s t u d i e s  u s in g  
v a r i a n t s  o f  th e  h a b i t u a t i o n  and p re fe re n c e  f o r  n o v e l ty  te c h n iq u e s  
which have a l s o  found d i s c r i m in a t io n  o f  pho tographs  o f  same sex  
f a c e s  i n  i n f a n t s  from s i x  months onwards (C o rn e l l ,  1974; Fagan, 
1976). There i s  th e r e f o r e  s t r o n g  ev idence  f o r  a s u b s t a n t i a l  amount 
o f  v i s u a l  p ro c e s s in g  hav ing  o cc u rre d .  The s i z e  o f  th e  i n c r e a s e s  i n  
f i x a t i o n  a l s o  in c re a s e d  w ith  age .  Thus a l th o u g h  th e  tw elve month 
o ld  i n f a n t s  pay more a t t e n t i o n  to  th e  competing s t im u lu s  th a n  do 
th e  younger b a b ie s  they  a r e  a l s o  more r e s p o n s iv e  to  change i n  th e  
c e n t r a l  s t im u lu s .  This  age change s i g n i f i e s  an in c r e a s e  i n  
e f f i c i e n c y .  With i n c r e a s in g  age i n f a n t s  ap p ea r  to  r e q u i r e  l e s s  
tim e to  do more p ro c e s s in g .
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The second v i o l a t i o n  c o n t r o l  c o n d i t io n  was l e s s  encou rag ing .  
There was no ev idence  f o r  r e s p o n s iv i t y  to  th e  change in  th e  v o ic e .  
Because o f  th e  im portance o f  th e  c o n t r o l  c o n d i t io n s  t h i s  w i l l  be 
d is c u s s e d  in  some d e t a i l .  This la c k  o f  d i s c r im in a t io n  could  be f o r  
a number o f  re a s o n s .  F i r s t l y ,  i t  could  be th e  case  t h a t  th e  
i n f a n t s  were s im ply  n o t  l i s t e n i n g  to  th e  c e n t r a l  a u d i to r y  s t im u lu s  
on any o f  th e  t r i a l s ,  f a m i l i a r i s a t i o n  o r  v i o l a t i o n .  This  seems 
u n l i k e ly  f o r  two rea so n s  -  i t  would c o n t r a d i c t  p re v io u s  indep en d en t 
and w e l l  e s t a b l i s h e d  f in d in g s  from Horowitz (1974) and McGurk 
(1977) t h a t  th e  a d d i t i o n  o f  an a u d i to r y  component to  a v i s u a l  
s t im u lu s  in c r e a s e s  f i x a t i o n  to  t h a t  s t im u lu s .  Secondly , t h e r e  a r e  
a number o f  s t u d i e s  which s t r o n g ly  su g g es t  t h a t  i n f a n t s  a r e  
g e n e r a l ly  more r e s p o n s iv e  to  human v o ic e s  th a n  th ey  a r e  to  
non-speech  sounds. W olff (1966) found t h a t  a v o ic e  a s  opposed to  
b e l l s  and r a t t l e s  proved e f f e c t i v e  i n  s to p p in g  c ry in g .  Also v o ic e s  
e l i c i t  more o v e r t  beh av io u r  th a n  music and to n e s  (H o v e rs te in  and 
Moncur, 1969). F r i e d l a n d e r  (1968) who used an o p e ra n t  te c h n iq u e  
found t h a t  t h e r e  were s i g n i f i c a n t  p r e f e r e n c e s  f o r  v o ic e s  o ver  
to n e s .  I t  seems u n l i k e ly  th e r e f o r e  t h a t  th e  i n f a n t s  i n  t h i s  s tu d y  
were n o t  l i s t e n i n g  to  th e  v o ic e s ,  e s p e c i a l l y  g iven  th e  f a c t  t h a t  we 
know from th e  re sp o n ses  to  th e  change o f  th e  non-speech  sound t h a t  
th e y  were a t t e n d in g  to  th e  l a t e r a l  a u d i to r y  s t im u lu s .
A second p o s s i b i l i t y  i s  t h a t  th e  i n f a n t s  were l i s t e n i n g  and 
p ro c e s s in g  th e  speech  bu t were unab le  to  d i s c r im in a t e  between th e  
v o ic e s .  A t h i r d  i s  t h a t  th ey  do d i s c r im in a t e  bu t t h a t  t h i s  
d i s c r im in a t io n  i s  n o t  r e f l e c t e d  i n  th e  v i s u a l  f i x a t i o n  d a t a .  
U n fo r tu n a te ly ,  h a b i tu a t i o n  te c h n iq u e s  do n o t  a l low  one to
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d i s t i n g u i s h  th e s e  two p o s s i b i l i t i e s .  However, th e r e  a r e  o th e r  
s t u d i e s  o f  th e  young i n f a n t ' s  p ro c e s s in g  o f  speech  sounds which 
b e a r  on t h i s  i s s u e .
A number o f  s t u d i e s  have found t h a t  b a b ie s  from a v ery  e a r l y  
age can d i s c r im in a t e  a d u l t  phonemic c a t e g o r i e s .  In  a s e r i e s  o f  
ex p e r im en ts ,  Eimas and h i s  c o l le a g u e s ,  u s in g  o p e ran t  p ro ced u re s  and 
h a b i t u a t i o n  o f  h ig h -a m p li tu d e  n o n - n u t r i t i v e  suck ing  have found t h a t  
i n f a n t s  from two to  fo u r  months d i s c r im in a te d  v o iced  from v o ic e l e s s  
s y n t h e t i c  s to p  co nsonan ts ,  / b /  and / p /  (Eimas, S iq u e lan d ,  Jusczyk  
and V ig o r i t o ,  1971), a c o u s t i c  cues f o r  th e  p la c e  o f  a r t i c u l a t i o n  
d i s t i n c t i o n  (Eimas, 1974a; Jusczyk , 1977; Jusczyk and Thompson, 
1978) and th e  l i q u i d s ,  / r /  and / l /  (Eimas, 1975a). O ther w orkers  
have r e p l i c a t e d  (Trehub and R ab in o v itc h ,  1972; Morse, 1972) and 
ex tended th e s e  r e s u l t s  f o r  f r i c a t i v e  ( E i l e r s  and M in i f i e ,  1975), 
vowel (Trehub, 1975; Swoboda, Morse and L e a v i t t ,  1976) and f o r e ig n  
speech  c o n t r a s t s  to  which th e  i n f a n t  had n o t  p r e v io u s ly  been 
exposed (Trehub, 1976). S im i la r  r e s u l t s  have been o b ta in e d  where 
c a r d ia c  o r i e n t i n g  has been used  as  th e  re sp o n se  measure ( M i l l e r ,  
Morse and Dorman, 1977). The g e n e ra l  c o n c lu s io n  from t h i s  r e s e a r c h  
has been t h a t  i n f a n t s  from a very  e a r l y  age p ro c e ss  speech  i n  a 
l i n g u i s t i c  mode (Eimas, 1975). There have however been c r i t i c i s m s .
B u t t e r f i e l d  and C a irn s  (1974) i n  a s t im u la t in g  c r i t i q u e  o f  
i n f a n t  speech  p e r c e p t io n  s t u d i e s  q u e s t io n  t h i s  i n t e r p r e t a t i o n  on 
two grounds . F i r s t l y  th ey  q u e s t io n  th e  use  o f  th e  h a b i t u a t i o n  o f  
h ig h -am p li tu d e  n o n - n u t r i t i v e  suck ing  methodology. This te c h n iq u e  
c o n s i s t s  o f  a l lo w in g  i n f a n t s  to  suck on a n o n - n u t r i t i v e  p a c i f i e r .
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A f te r  e s t a b l i s h i n g  a b a s e l i n e  suck ing  response  one o f  th e  speech  
s t im u l i  i s  p re s e n te d  a f t e r  th e  i n f a n t  p roduces  a h ig h -a m p li tu d e  
suck ( t h a t  i s  a t  some l e v e l  g r e a t e r  th a n  th e  b a s e l i n e ) .  The
assum ption  i s  t h a t  th e  speech  sound r e i n f o r c e s  th e  h ig h  am p li tude  
suck and th u s  i t  i n c r e a s e s  i n  f requency  and i n t e n s i t y  ( th e  
a c q u i s i t i o n  p h a s e ) .  Upon re p e a te d  p r e s e n t a t i o n  th e r e  i s  a 
decrement i n  t h i s  re sp o n se .  When t h i s  decrement re a c h e s  a
p re -d e te rm in e d  c r i t e r i o n  th e n  e i t h e r  th e  i n f a n t  i s  p re s e n te d  w i th  a 
new speech  sound o r  c o n t in u e s  to  be p r e s e n te d  w ith  th e  h a b i t u a t i n g  
s t im u lu s .  A g r e a t e r  i n c r e a s e  i n  th e  suck ing  response  to  th e  new 
sound th a n  to  th e  o ld  sound i s  i n t e r p r e t e d  as  ev idence  o f
d i s c r i m in a t io n .
A c r u c i a l  a s p e c t  o f  t h i s  te ch n iq u e  i s  th e  d em o n s tra t io n  o f  th e  
re sp o n se  decrement d u r in g  th e  h a b i tu a t i o n  phase .  I t  i s  t h i s  
d e c l in e  i n  h ig h -am p li tu d e  su ck in g  t h a t  j u s t i f i e s  th e  assum ption  
t h a t  th e  s t im u lu s  was a c t i n g  as  a r e i n f o r c e r  i n  th e  f i r s t  i n s t a n c e .  
In  an  exam ination  o f  t h i s  assum ption  B u t t e r f i e l d  and C a irn s  (1974) 
used c o n t r o l  groups t h a t  r e c e iv e d  no s t im u la t io n  p r i o r  to  th e  
s t im u lu s  change p o in t  and n o t i c e d  no d i f f e r e n c e  between th o s e  
i n f a n t s  and groups which had r e c e iv e d  c o n t in g e n t  s t im u la t io n .  They 
a l s o  quo te  an  u n p u b lish e d  s tu d y  by Trehub i n  which i n f a n t s  who 
re c e iv e d  n o n -c o n t in g e n t  s t im u la t io n  a l s o  showed a re sp o n se  
decrement over th e  h a b i t u a t i o n  sequence . Thus i t  does n o t  a p p e a r  
to  be th e  case  t h a t  i t  i s  th e  r e p e a te d  c o n t in g e n t  p r e s e n t a t i o n  o f  
th e  i n t i a l  s t im u lu s  t h a t  le a d s  to  th e  re sp o n se  decrem ent. They 
su g g e s t  t h e r e f o r e  t h a t  th e re  i s  no ev idence  f o r  th e  a c q u i s i t i o n  and 
h a b i t u a t i o n  s ta g e s  o f  th e  h ig h -a m p li tu d e  su ck in g  re sp o n se
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c o n t in g e n t  upon th e  r e i n f o r c i n g  p r o p e r t i e s  o f  th e  s t im u lu s .
T h e i r  second c r i t i c i s m  i s  t h a t  i t  i s  n o t  c l e a r  w hether  th e  
e f f e c t s  o b ta in e d  r e f l e c t  speech  d i s c r i m in a t io n s  o r  a c o u s t i c  
d i s c r i m in a t io n s .  For example, i n  Eimas e t . a l .  (1971) v o ic e  o n s e t  
tim e (VOT) i s  confounded w ith  th e  p re sen ce  o r  absence o f  a f i r s t  
form ant t r a n s i t i o n  above and below +30 msec. VOT. The on ly
d i s c r i m in a t io n s  i n f a n t s  have been shown to  make a r e  between +20
msec, v e rs u s  +40 msec, and +10 msec, v e rs u s  +60 msec. There i s  
however a VOT d i s c r i m in a t io n  t h a t  i s  unconfounded w ith  th e  p re se n c e  
o r  absence o f  a f i r s t  form ant t r a n s i t i o n ,  t h a t  i s  VOT's on e i t h e r  
s id e  o f  -40 msec, ( th e  Thai boundary ).  I n f a n t s  have n o t  been 
shown to  d i s c r im in a t e  speech  tokens  a c ro s s  t h i s  boundary and Eimas 
(1974b) s u g g e s ts  t h a t  th e  rea so n  f o r  t h i s  i s  t h a t  E n g l is h -sp e a k in g  
i n f a n t s  (on whom most o f  th e  s t u d i e s  have been conducted) have had 
no p r i o r  e x p e r ie n c e  o f  s t im u l i  t h a t  f a l l  c lo s e  to  t h i s  boundary . 
B u t t e r f i e l d  and C airn s  took  up t h i s  id e a  and i n v e s t i g a t e d  i t  
d i r e c t l y .  They reasoned  t h a t  i f  th e  b a s i s  f o r  d i s c r i m in a t io n  was
th e  o ccu rren c e  o f  th e  f i r s t  form ant t r a n s i t i o n  th e n  a group which
had more ex p e r ie n c e  o f  s t im u l i  in c lu d in g  t h i s  f e a t u r e ,  a group 
h a b i t u a t i n g  on th e  -20 msec, s t im u lu s  would show a g r e a t e r  s h i f t  
when p re s e n te d  w ith  a +80 msec. s t im u lu s  th a n  would a group 
r e c e iv in g  th e  s t im u l i  i n  th e  r e v e r s e  o rd e r .  To t e s t  t h i s  th e y  
p re s e n te d  i n f a n t s  ap p ro x im ate ly  f o r t y - s i x  hours  o ld  w i th  two 
s y n t h e t i c  speech  s t im u l i  on e i t h e r  s id e  o f  th e  +30 mec. boundary , 
-20 msec, and +80 msec. T h e i r  r e s u l t s  su p p o r ted  the  h y p o th e s i s  
t h a t  th e  p resen ce  o r  absence  o f  th e  f i r s t  form ant t r a n s i t i o n  was 
th e  d i s c r i m in a t in g  cue. Only th e  -20 msec, to  +80 msec. group
Page 153
showed r e l i a b l e  in c r e a s e s  i n  suck ing  and th e  magnitude o f  th e  s h i f t  
was p o s i t i v e l y  c o r r e l a t e d  w ith  th e  number o f  h a b i t u a t i o n  
p r e s e n t a t i o n s .  Thus th ey  concluded  t h a t  i n f a n t s  do make 
d i s c r i m in a t io n s  between sim ple speech  s t i m u l i ,  bu t t h a t  th e  b a s i s  
o f  t h i s  d i s c r im in a t io n  i s  p ro b ab ly  a c o u s t i c  r a t h e r  th a n  l i n g u i s t i c .
There have been few s t u d i e s  which have i n v e s t i g a t e d  
d i s c r i m in a t io n  o f  complex o r  n a t u r a l  speech  s t i m u l i .  Kaplan and 
Kaplan (1969) u s in g  h e a r t - r a t e  a s  a response  index  found t h a t  e ig h t  
month o ld  i n f a n t s  were r e s p o n s iv e  to  r i s i n g  and f a l l i n g  i n t o n a t i o n  
p a t t e r n s ,  whereas fo u r  month o ld  b a b ie s  were n o t .  Morse (1972) on 
th e  o th e r  hand found t h a t  one and two month o ld  i n f a n t s  could  
d i s c r im in a t e  between s t im u l i  t h a t  d i f f e r e d  on ly  i n  th e  r i s e  o r  f a l l  
o f  fundam enta l f req u en cy .  He used  s y n t h e t i c  speech  w i th  w e l l  
c o n t r o l l e d  s t im u lu s  p a ram e te rs  and t h a t  may be why h i s  f in d i n g s  
c o n t r a d i c t  th o se  o f  Kaplan and Kaplan. The r i s i n g  and f a l l i n g  
f requency  e f f e c t s  may n o t  be so e a s i l y  d i s c r im in a b le  i n  
m u l t i - f r e q u e n c y  speech .
Culp and Boyd (1974) found some ev idence  f o r  d i s c r i m in a t io n  o f  
v o ice  q u a l i t y .  In  a h a b i tu a t i o n  s tu d y  th ey  found t h a t  two month 
o ld  i n f a n t s  produced s i g n i f i c a n t  reco v e ry  o f  v i s u a l  f i x a t i o n  when a 
s t r a n g e r ' s  v o ic e  changed from 'h a r s h '  to  ' s o f t '  o r  v ic e  v e r s a .  
There were however s u b s t a n t i a l  i n d i v id u a l  d i f f e r e n c e s ;  h a l f  o f  
t h e i r  s u b je c t s  showed no d i s c r i m in a t io n .  S im i la r ly ,  in  a s tu d y  
u s in g  an o p e ra n t  p ro ced u re  Jo nes-M olfese  (1977) found c o n s i s t e n t  
i n d i v i d u a l  p r e f e r e n c e s  between th e  i n f l e c t e d ,  monotone o r  scram bled  
speech  o f  a s t r a n g e r ,  bu t no change o f  p r e f e r e n c e  a c c o rd in g  to  age
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from  th r e e  to  f o u r te e n  months. I t  would ap p ea r  th e r e f o r e  t h a t  
a l th o u g h  i n f a n t s  can respond to  n a t u r a l  speech  s t im u l i  i n  some 
d i s c r i m in a t iv e  f a s h io n  i t  i s  n o t  c l e a r  on what a s p e c t s  o f  th e  
m u l t i -d im e n s io n a l  s t im u lu s  any one i n d i v id u a l  may he re spond ing  to .
More p o s i t i v e  r e s u l t s  have been o b ta in e d  where a t  l e a s t  one o f  
th e  v o ic e s  was f a m i l i a r  to  th e  i n f a n t .  The p r e v io u s ly  c i t e d  
r e s e a r c h  o f  F r ie d la n d e r  (1968) found t h a t  th e r e  were s i g n i f i c a n t  
p r e f e r e n c e s  f o r  th e  m o th e r 's  v o ic e  over a s t r a n g e r ' s  v o ic e .  
However, he on ly  s tu d ie d  th r e e  i n f a n t s  who i n  th e  p r e s e n t  c o n te x t  
were co m p ara tiv e ly  o ld ,  e lev en  to  f i f t e e n  months. Boyd (1974) a l s o  
found ev idence  f o r  m o th e r - s t r a n g e r  d i s c r i m in a t io n  i n  two month o ld  
i n f a n t s .  She used  reco v e ry  o f  v i s u a l  f i x a t i o n  on p r e s e n t a t i o n  o f  
th e  a u d i to r y  s t im u lu s  and found g r e a t e r  reco v e ry  to  th e  m o th e r 's  
v o ice  th an  to  t h a t  o f  a fem ale s t r a n g e r .  An even more im p re s s iv e  
s tu d y  by M il l s  and M elhuish (1974) used  n o n - n u t r i t i v e  su ck in g  as  an 
o p e ra n t  response  and found t h a t  when th e  m o th e r 's  v o ic e  was made 
c o n t in g e n t  upon th e  su ck in g  bo th  th e  number o f  sucks p e r  m inu te  and 
th e  tim e sp e n t  suck ing  were g r e a t e r  th a n  when a female s t r a n g e r ' s  
vo ic e  was th e  c o n t in g e n t  s t im u lu s .
A l l  o f  th e s e  s t u d i e s  and t h e i r  v a r io u s  re sp o n se  measures a t t e s t  
to  th e  g r e a t  po tency  o f  th e  m o th e r 's  v o ic e .  I t  i s  c o n c e iv a b le  t h a t  
th e  i n f a n t s  a r e  re spond ing  to  cues i n  th e  m o th e r 's  v o ic e ,  w i th  
which they  a r e  h ig h ly  f a m i l i a r ,  t h a t  i s  cues t h a t  a r e  s u f f i c i e n t  to  
d i f f e r e n t i a t e  t h a t  v o ic e  from a l l  o t h e r s .  There i s  no d a t a  to  
su g g e s t  t h a t  i n f a n t s  can respond to  cues t h a t  would a l low  th e n  to  
d i s c r im in a t e  between two s t r a n g e  v o ic e s .  The r e s u l t s  o f  th e
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experim ent r e p o r te d  h e re  would su g g es t  t h a t  w hatever, cues we as  
a d u l t s  u s e ,  a r e  n o t  d i s c r im in a te d  by i n f a n t s  up to  tw elve months o f  
age, under  th e  c o n d i t io n s  o f  Experiment 1.
The i n t e r p r e t a t i o n  o f  v i o l a t i o n  c o n d i t io n  2 fav o u red  h e re  i s  
t h a t  th e  c e n t r a l  a u d i to r y  s t im u lu s ,  th e  fem ale v o ic e ,  was b e in g  
p ro cessed  and t h a t  th e  la c k  o f  reco v e ry  to  change from one v o ic e  to  
a n o th e r  r e f l e c t s  a la c k  o f  d i s c r i m in a t io n  by th e  i n f a n t  r a t h e r  th a n  
a la c k  o f  a t t e n t i o n  to  th e  s t i m u l i .
The r e s u l t s  from th e  p ro c e s s in g  o f  th e  l a t e r a l  a u d i to r y  
s t im u lu s  confirm  th e r e f o r e  t h a t  some o f  th e  s e l e c t i v e  a t t e n t i o n  
phenomena t h a t  have been o u t l in e d  i n  th e  a d u l t  l i t e r a t u r e  
(B roadben t,  1958; N e is s e r ,  1967) a re  a l s o  a c t i v e  d ev e lo p m en ta lly  
from a very  e a r l y  age . The d a ta  from th e  p r e s e n t  experim ent do n o t  
however a l low  d i f f e r e n t i a t i o n  o f  th e  d i f f e r e n t  ty p es  o f  models t h a t  
have been proposed  f o r  th e  p ro c e s s in g  o f  two o r  more s im u l ta n e o u s ly  
p re s e n te d  so u rc e s  o f  in fo rm a t io n .  Although s h a red  c a p a c i ty  models 
(Kahneman, 1973; S chne ide r  and S h i f f r i n ,  1977) a re  now w id e ly  
reg a rd ed  to  g iv e  more a c c u r a te  and com prehensive a c c o u n ts  o f  
a t t e n t i o n a l  phenomena over 'b o t t l e n e c k '  o r  f i l t e r  t h e o r i e s  
(B roadben t,  1958; D eutsch and D eutsch , 1969), b o th  can accomodate 
th e  r e s u l t s  from t h i s  experim en t.
As was emphasised in  th e  r e s u l t s  s e c t i o n  th e r e  were no 
s i g n i f i c a n t  i n t e r a c t i o n s  between C on d it io n s  and T r i a l s  w i th  Age f o r  
th e  l a te n c y  d a ta ,  d e s p i t e  what ap p ea r  to  be la rg e  d i f f e r e n c e s  i n  
th e  mean v a lu e s ,  F igu re  2g. That i s  th e  p a t t e r n  o f  r e s u l t s  w i th
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r e s p e c t  to  speed o f  o r i e n t a t i o n  to  th e  change i n  th e  l a t e r a l  
s t im u lu s  was s t a t i s t i c a l l y  s i m i l a r  i n  a l l  th r e e  age g roups .  This 
means t h a t  one cannot e l a b o r a t e  on any developm enta l changes i n  
c a p a c i ty  to  m o n ito r  m u l t ip le  s o u rc e s .  The o ld e r  age groups 
c e r t a i n l y  o v e r t l y  d i s t r i b u t e d  t h e i r  a t t e n t i o n  more even ly  a c ro s s  
bo th  s t im u lu s  so u rc e s  th an  d id  th e  s i x  month o ld  b a b ie s .  However 
t h i s  d id  n o t  s u b s t a n t i a l l y  i n h i b i t  th e  younger c h i l d r e n ' s  a b i l i t y  
to  p e rc e iv e  and respond to  th e  change i n  th e  l a t e r a l  s t im u lu s .  To 
i n v e s t i g a t e  th e  n a tu re  o f  a t t e n t i o n a l  c o n t r o l  over t h i s  age range 
one would r e q u i r e  to  b o th  v a ry  th e  p rim ary  ( c e n t r a l  s t im u lu s )  and 
secondary  ( l a t e r a l  s t im u lu s )  t a r g e t s  and a l s o  th e  tim e a l low ed  f o r  
p ro c e s s in g  (few er a n d /o r  s h o r t e r  t r i a l s ) .  That i s  to  v a ry  th e  
d i f f i c u l t y  o f  th e  t a s k  i n  a c o n t r o l l e d  manner and ob se rv e  th e  
e f f e c t  upon th e  d i f f e r e n t  age g roups .  The p r e s e n t  t a s k  does n o t  
a p p ea r  to  be app roach ing  any p ro c e s s in g  c a p a c i ty  l i m i t  i n  th e  age 
range s tu d ie d  h e re .
The d a ta  a l s o  d em onstra te  t h a t  th e  a b i l i t y  to  s e p a r a t e  
d i f f e r e n t  n o is e  p a t t e r n s  i n t o  d i s j o i n t  s tream s i s  p r e s e n t  from an 
e a r l y  age s in c e  th e  a p p r o p r ia te  l o c a l i s a t i o n  re sp o n se  cou ld  n o t  
have o ccu rred  w ith o u t d i f f e r e n t i a t i o n  o f  th e  n o is e  sou rce  from th e  
vo ic e  s o u rc e .  I t  rem ains to  be d is c o v e re d  what governs  th e  
c a t e g o r i s a t i o n  o f  th e  sound p a t t e r n  b e ing  a n a ly se d  i n t o  one o r  
o th e r  s tream  (Bregman, 1978), a l th o u g h  p o s i t i o n  i n  space  i s  a 
h e l p f u l  cue (Koenig, 1950; S chubert  and S c h u l tz ,  1962). I t  i s  
o b v io u s ly  im p o r tan t  f o r  th e  d eve lop ing  i n f a n t  to  be a b le  to  e x t r a c t  
p a t t e r n s  from a sound complex and s e l e c t i v e l y  a t t e n d  to  a 
p a r t i c u l a r  s a l i e n t  s t im u lu s .  They can from a t  l e a s t  s i x  months
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engage i n  bo th  t a s k s ,  a l th o u g h  th e r e  does seem to  be some 
improvement i n  e f f i c i e n c y  over th e  s h o r t  p e r io d  s tu d ie d  h e r e ,  in  
term s o f  m o n i to r in g  m u l t ip le  s o u rc e s .
(b) sound l o c a l i s a t i o n
The second main i s s u e  i s  th e  q u e s t io n  o f  l o c a l i s a t i o n  o f  sound 
and th e  n a tu re  o f  th e  young i n f a n t ' s  a u d i to r y  space .  The e q u iv o c a l  
r e s u l t s  from s tu d ie s  o f  sound l o c a l i s a t i o n  and th e  d i v e r s i t y  o f  
i n t e r p r e t a t i o n s  o f f e r e d  has  a l r e a d y  been d is c u s se d  i n  th e  
I n t r o d u c t io n .  This experim ent shows q u i t e  c l e a r l y  from th e  
v i o l a t i o n  t r i a l  d a ta  o f  c o n d i t io n  1 t h a t  i n f a n t s  o f  s i x  months have 
w e l l  developed sound l o c a l i s a t i o n  a b i l i t i e s .  A l l  i n f a n t s  i n  a l l  
age groups who o r i e n t e d  to  th e  s t im u lu s  tu rn e d  i n t i a l l y  to  th e  s id e  
where th e  new a u d i to r y  s t im u lu s  was p r e s e n te d ,  and i n  th e  two o ld e r  
age groups tu rn e d  a lm ost im m edia te ly .  I t  shou ld  be no ted  t h a t  th e  
l a t e n c i e s  shown i n  Table 2 .6  w ere measured from th e  e l e c t r o n i c  
b le e p  to  th e  s u b j e c t ' s  o r i e n t a t i o n  re sp o n se .  The l a t e r a l  sound 
o n s e t  ap p ro x im ate ly  3*5 seconds  a f t e r  th e  b le e p  as  r e p o r te d  i n  th e  
P rocedure  s e c t i o n .  Thus th e  a c t u a l  mean l a t e n c i e s  to  t u r n  were o f  
th e  o rd e r  o f  17 seco n d s ,  3 seconds  and 2 .5  seconds f o r  th e  s i x ,  
n in e  and tw elve month groups r e s p e c t i v e l y .
However, a l th o u g h  th e  i n f a n t s  had l i t t l e  d i f f i c u l t y  i n  
l o c a l i s i n g  th e  sou rce  o f  th e  sound t h i s  would n o t  n e c e s s a r i l y  been 
th e  c o n c lu s io n  had one on ly  looked a t  th e  h a b i tu a t i o n  d a t a .  Table  
2 .7  shows f o r  each age group, th e  number o f  s u b je c t s  who showed no 
o r i e n t a t i o n  to  th e  s id e  s t im u lu s  d u r in g  each h a b i tu a t i o n  t r i a l .  By
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th e  end o f  th e  sequence o f  t r i a l s  a lm ost two t h i r d s  o f  th e  s i x  
month b a b ie s  and one t h i r d  o f  th e  o ld e r  i n f a n t s  showed no ev idence  
o f  l o c a l i s a t i o n .  V isu a l  i n s p e c t io n  su g g e s ts  t h a t  t h i s  i s  an 
i n c r e a s in g  t r e n d  over th e  t r i a l  sequence . I n f a n t s  who o r i e n t  a t  
th e  beg in n in g  do n o t  o r i e n t  a t  th e  end. This i s  d i r e c t l y  
comparable w i th  th e  c o n c lu s io n s  a r r iv e d  a t  i n  th e  I n t r o d u c t io n :  
t h a t  i s  t h a t  from s i x  months, i n f a n t s  can l o c a l i s e  l a t e r a l l y  
p re s e n te d  sounds, bu t do n o t  do so c o n s i s t e n t l y .  We know t h a t  th ey  
can l o c a l i s e  because  th e y  do so when th e  new sound i s  p r e s e n te d .
T r i a l s
Age Group 1 2 3 4 5 6
6 months 13 17 18 18 21 19
9 months 3 6 7 7 9 9
12 months 3 3 1 9 9 7
T ab le2 .7  Frequency o f  i n f a n t s  showing no o r i e n t a t i o n  to  th e  
s id e  s t im u lu s  d u r in g  th e  h a b i t u a t i o n  t r i a l s .  Nr30 f  o r  each  age 
group.
F urtherm ore  th e  ev idence  s u g g e s ts  t h a t  n o t  on ly  does o v e r t  
a t t e n t i o n  h a b i tu a t e  i n  te rm s o f  th e  amount o f  time s p e n t ,  b u t  t h a t  
th e  a c t u a l  l o c a l i s a t i o n  re sp o n se  i t s e l f  a l s o  h a b i t u a t e s .  I t  would 
be i n s t r u c t i v e  to  know to  what deg ree  th e  sometimes h ig h  
n o n -re sp o n se  r a t e s  found in  th e  l o c a l i s a t i o n  s tu d ie s  p r e v io u s ly  
reviewed a r e  s u b j e c t  to  t h i s  h a b i tu a t i o n  o f  re sp o n se  t r e n d .  Some 
s t u d i e s  have used  upwards o f  50 t r i a l s ,  a l l  c o n s e c u t iv e ly  p r e s e n te d
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w i th i n  a s h o r t  p e r io d  o f  t im e . I f  th e  h a b i t u a t i o n  o f  o r i e n t a t i o n  
i s  a w idespread  phenomenon th e n  i t  i s  ex trem ely  u n l i k e ly  t h a t  one 
would f i n d  much ev idence  o f  l o c a l i s a t i o n  d u r in g  th e  l a t t e r  s ta g e s  
o f  such a sequence . I t  would ap p ea r  th e r e f o r e  t h a t  th e  head 
tu r n in g  o r  eye movement re sp o n se  to  l a t e r a l  sound i s  n o t  an  example 
o f  au to m a tic  r e f l e x  b eh av io u r  a s  su g g es ted  by Turkew itz  e t .  a l .  
(1966), b u t  in v o lv e s  some degree  o f  c o g n i t iv e  c o n t r o l  which can be 
enhanced o r  i n h i b i t e d  by o th e r  f a c t o r s .
One v a r i a b l e  which does enhance l o c a l i s a t i o n  a b i l i t i e s  i n  young 
c h i ld r e n  i s  th e  p r o v is io n  o f  v i s u a l  feedback  (Warren and Judy, 
1972). Even a d u l t s  l o c a l i s e  h idden  a u d i to r y  t a r g e t s  b e t t e r  w ith  
t h e i r  eyes open th a n  th e y  do w ith  t h e i r  eyes c lo se d  (Warren, 1970). 
However, b o th  o f  th e s e  s t u d i e s  looked a t  th e  acc u racy  o f  
l o c a l i s a t i o n  r a t h e r  th a n  spontaneous o cc u rre n c e .  More r e c e n t l y  
Moore e t .  a l .  (1975, 1977) have i n v e s t i g a t e d  th e  e f f e c t s  o f
v a r io u s  ty p e s  o f  re in fo rc e m e n t  on spon taneous l o c a l i s a t i o n  to  
l a t e r a l l y  p r e s e n te d  sound. The b a s ic  paradigm i n  bo th  s t u d i e s  was 
one i n  which th e  i n f a n t ' s  a t t e n t i o n  was c a p tu re d  by one 
e x p e r im en te r  and when th e  c h i ld  was i n  a q u i e t  s t a t e  a complex 
n o is e  was p re s e n te d  45 deg rees  to  th e  r i g h t  o f  th e  b a b y 's  m id l in e .  
I f  th e  i n f a n t  made a head tu rn  tow ards th e  lo u d sp eak e r  w i th in  4 
seconds  o f  th e  o n s e t  o f  th e  s t im u lu s ,  th e  v i s u a l  re in fo rc e m e n t  -  an 
an im ated  toy  b e a r  lo c a te d  b e s id e  th e  lo u d sp eak e r  -  was p r e s e n te d  
and a c t i v a t e d .  In  th e  1977 s tu d y  th r e e  age groups o f  i n f a n t s  were 
used : 4 months, 5 and 6 months and 7 to  11 months. The
e x p e r im e n ta l  groups were compared w i th  c o n t r o l  groups who re c e iv e d  
no r e in fo rc e m e n t .  For th e  two o ld e r  groups th e  re in fo rc e m e n t
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produced  s i g n i f i c a n t l y  more c o r r e c t  head tu r n s  th a n  o ccu rred  f o r  
th e  c o n t r o l  g roups . There was no e f f e c t  f o r  th e  4 month group. 
The e a r l i e r  s tu d y  (Moore e t .  a l . ,  1975) which used o ld e r  s u b j e c t s ,  
12 t o  18 months, found t h a t  s o c i a l  r e in fo rc e m e n t ,  p rov ided  by one 
o f  th e  e x p e r im e n te rs  -  s m i l in g ,  g iv in g  v e r b a l  p r a i s e  and a p a t  on 
th e  head o r  s h o u ld e rs  was n o t  n e a r ly  so e f f e c t i v e  a s  th e  an im ated  
toy  anim al o r  even a b l in k in g  l i g h t  i n  i n c r e a s in g  o r  m a in ta in in g  
a p p r o p r ia te  head tu r n  r e s p o n s e s .  I t  i s  n o t  c l e a r  however, w he ther  
th e s e  d i f f e r e n c e s  were due to  th e  d i f f e r e n c e s  i n  th e  ty p e  o f  
re in fo rc e m e n t  g iven  o r  w hether  th ey  were due to  th e  lo cu s  o f  th e  
r e i n f o r c i n g  e v e n t .  In  some case s  th e  r e i n f o r c e r  was c o lo c a te d  w ith  
th e  a u d i to r y  s t im u lu s ,  i n  o th e r s  i t  was d is p la c e d  from i t  a s  i n  th e  
s o c i a l  re in fo rc e m e n t  c o n d i t io n .  I f  i t  i s  th e  d isp lacem en t t h a t  i s  
th e  c r i t i c a l  f a c t o r  r a t h e r  th a n  th e  d i f f e r e n c e  between th e
r e i n f o r c e r s  th en  t h i s  would su p p o r t  th e  h y p o th e s is  o u t l in e d  in  th e
I n t r o d u c t io n  t h a t  th e r e  i s  a s p a t i a l  dependency o f  a u d i t i o n  on 
v i s i o n .  That i s  t h a t  a v i s u a l  frame o f  r e f e r e n c e  f a c i l i t a t e s  and 
enhances n o t  on ly  th e  acc u racy  o f  sound l o c a l i s a t i o n  bu t a l s o  th e  
spontaneous o ccu rrence  o f  th e  l o c a l i s a t i o n  re sp o n se .
The second experim ent aims to  i n v e s t i g a t e  t h i s  p o t e n t i a l  
s u p p o r t iv e  r o l e  o f  v i s i o n  by p ro v id in g  a v i s u a l  s t im u lu s  i n  th e
same lo c a t i o n  a s  th e  l a t e r a l  a u d i to r y  s t im u lu s .  As i n  th e  f i r s t
experim ent th e  p ro c e s s in g  and l o c a l i s a t i o n  o f  t h i s  bimodal s t im u lu s  
w i l l  be m on ito red , and a s i m i l a r  s e t  o f  s t im u l i  w i l l  be u sed .
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CHAPTER THREE
THE INFLUENCE OF AN ADDITIONAL VISUAL 
STIMULUS ON VISUAL ATTENTION AND ORIENTATION 
TO TWO STIMULUS SOURCES -  EXPERIMENT 2.
In trodu ction
I t  was su g g es ted  from th e  r e s u l t s  o f  Experiment 1 t h a t  p a r t  o f  
th e  young i n f a n t ' s  a u d i to ry  l o c a l i s a t i o n  re sp o n se  to  r e p e a te d ly  
p re s e n te d  sound i s  dependent to  some degree  upon th e  n a tu re  o f  th e  
v i s u a l  s t im u la t io n  th e  c h i ld  r e c e iv e s  consequen t upon t h a t  
re sp o n se .  In  o rd e r  to  i n v e s t i g a t e  t h i s  f u r t h e r  i t  was d ec ided  to  
run  a second experim ent i n  which th e  haby would be p re s e n te d  w i th  
two sounds and two v i s u a l  s t i m u l i .  That i s  th e  s i t u a t i o n  would be 
i d e n t i c a l  to  t h a t  o f  th e  f i r s t  experim en t,  ex cep t f o r  th e  a d d i t i o n  
o f  a n o th e r  v i s u a l  s t im u lu s  lo c a te d  to  th e  i n f a n t ' s  l e f t ,  a t  th e  
same l o c a t i o n  as  th e  complex rhythm ic s t im u lu s  and p re s e n te d  in  
c o n ju n c t io n  w ith  t h i s  sound s t im u lu s .
The prim ary  focus o f  i n t e r e s t  i s  to  d e te rm ine  f i r s t l y  to  what 
e x te n t  p ro v id in g  th e  i n f a n t  w ith  p a r t i c u l a r  v i s u a l  s t im u la t io n ,  
from th e  same s p a t i a l  l o c a t i o n  as  th e  sound enhances th e  o c c u rre n c e  
o f  spontaneous o r i e n t a t i o n ;  and seco n d ly ,  i f  such enhancement 
o c c u rs ,  w hether  i t  i s  m a in ta in ed  over r e p e a te d  p r e s e n t a t i o n  o f  th e  
l a t e r a l i s e d  a u d i to r y  s t im u lu s .  A d d i t io n a l ly ,  i t  should  a l s o  be 
p o s s ib le  to  a s s e s s  th e  d eg ree  to  which in c r e a s in g  th e  p ro c e s s in g  
demands on th e  i n f a n t  by th e  in t r o d u c t i o n  o f  th e  new v i s u a l  
m a te r i a l  a f f e c t s  (1 )  th e  a l l o c a t i o n  o f  a u d i to ry  a t t e n t i o n  and (2 )  
the  memory and d i s c r i m in a t iv e  a b i l i t i e s ,  shown i n  Experiment 1. 
C onsequen tly ,  i t  w i l l  be n e c c e s sa ry  to  a s s e s s  how much p ro c e s s in g  
o f  the  e x t r a  v i s u a l  s t im u lu s  a c t u a l l y  ta k e s  p la c e .  To t h i s  end a 
new v i s u a l  v i o l a t i o n  c o n d i t io n ,  in  which th e  s id e  v i s u a l  s t im u lu s  
i s  changed was p lanned . Any reco v e ry  o f  v i s u a l  f i x a t i o n  to  th e
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s i d e  can th e n  he used  as an index  o f  d i s c r i m in a t iv e  c a p a c i ty  f o r  
th e  change.
S u b je c ts
I n f a n t  s u b je c t s  were r e c r u i t e d  i n  th e  same manner a s  t h a t
d e s c r ib e d  in  Experiment 1. The same i n s t r u c t i o n s  were g iven  to  th e  
i n f a n t ' s  m other and i d e n t i c a l  c r i t e r i a  a p p l ie d  f o r  th e  
d i s c o n t in u a t io n  o f  any t e s t i n g  s e s s io n .  E ig h ty  i n f a n t s  aged 
between 23 and 39 weeks were t e s t e d  i n d i v i d u a l l y  i n  th e  I n f a n t  
L ab o ra to ry .  S u b je c ts  were s e l e c t e d  from two age groups such  t h a t  
each i n f a n t  was w i th in  ap p ro x im ate ly  two weeks o f  th e  nom inal age 
f o r  t h a t  p a r t i c u l a r  g roup. The groups were 6 months (mean = 25*3
weeks; s . d . =  1 .49  weeks) and 9 months (mean = 37*2 weeks; s . d .  = 
1 .08  w eeks) .  No tw elve month o ld  group was in c lu d e d  i n  t h i s  
experim ent s in c e  from th e  r e s u l t s  o f  th e  p re v io u s  s tu d y  th e r e
appeared  to  be l i t t l e  v a r i a t i o n  i n  th e  b eh av io u r  o f  i n t e r e s t
between 9 and 12 months; th e  main age d i f f e r e n c e s  be ing  i n  th e  6 
and 9 month com parisons. There were f o r t y  i n f a n t s  i n  each age 
group and th e  numbers o f  males and fem ales  were ap p ro x im ate ly  e q u a l  
(23 and 17; 21 and 19, a t  6 and 9 months r e s p e c t i v e l y ) .  Data from
te n  b a b ie s  were r e j e c t e d  due to  d i s t r e s s  on th e  p a r t  o f  th e  i n f a n t ;  
and d a ta  from a f u r t h e r  seven i n f a n t s  were l o s t  due to  equipment 
f a i l u r e  o r  la c k  o f  f i x a t i o n  to  th e  v i s u a l  s t im u l i  on one o r  more o f  
th e  f a m i l i a r i s a t i o n  t r i a l s .
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S tim u li and Apparatus
The a p p a ra tu s  used  i n  Experiment 1 was a l s o  used i n  t h i s  
experim en t,  excep t t h a t  an a d d i t i o n a l  Kodak C arouse l S-AV28 s l i d e  
p r o j e c t o r  was used to  hack p r o j e c t  th e  a d d i t i o n a l  v i s u a l  s t im u lu s .  
The P h i l i p s  t a p e - r e c o r d e r  was a g a in  used to  p r e s e n t  th e  auditory- 
m a t e r i a l .  Four v i s u a l  s t im u l i  and fo u r  a u d i to r y  s t im u l i  were u sed .  
Two o f  th e  v i s u a l  s t im u l i  , th e  fa c e  pho tographs  were used  i n  
Experiment 1 and  have a l re a d y  been d e s c r ib e d .  Two a d d i t i o n a l  
m u l t i - c h ro m a t ic  s l i d e s  o f  a b s t r a c t  p a t t e r n s  were in c lu d ed  and used 
as th e  s t im u l i  p re s e n te d  to  th e  s c r e e n  on th e  s u b j e c t ' s  l e f t  ( s e e  
F ig u re s  2a and 2b on pages 127 and 128). Photographs o f  th e s e  
s l i d e s  a r e  shown i n  Appendix 1. The fo u r  a u d i to r y  s t im u l i  were 
th o se  used  i n  Experiment 1. The same c o n t r o l  and d a ta  r e c o rd in g  
a p p a ra tu s  was a l s o  used .
Procedure
A h a b i t u a t i o n  and v i o l a t i o n  o f  expec tancy  paradigm was used  
w ith  s i x  by t h i r t y  second f a m i l i a r i s a t i o n  t r i a l s ,  a t h i r t y  second 
v i o l a t i o n  t r i a l  and te n  second i n t e r - t r i a l  i n t e r v a l s .  Tab le  3«1 
shows th e  b a s ic  e x p e r im e n ta l  d e s ig n .  There a r e  e s s e n t i a l l y  two 
h a b i t u a t i o n  c o n d i t io n s ,  co rre sp o n d in g  to  each s e t  o f  s t i m u l i ,  such 
t h a t  h a l f  th e  s u b je c t s  i n  each group, w i th in  each v i o l a t i o n  
c o n d i t io n  were h a b i tu a te d  to  one s e t  o f  s t im u l i  and h a l f  on th e  
o th e r  s e t .  One a d d i t i o n a l  v i o l a t i o n  c o n d i t io n  was in t ro d u c e d ,  
c o n d i t io n  4 ,  where th e  l a t e r a l l y  p re se n te d  v i s u a l  s t im u lu s  was 
changed from one a b s t r a c t  co lo u red  d e s ig n  to  a n o th e r ,  th e
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p r o p o r t io n  o f  th e  v a r io u s  c o lo u rs  was i d e n t i c a l  a c ro s s  th e  two 
s t i m u l i .  This  c o n d i t io n  a l lo w s  assessm en t o f  th e  degree  to  which 
t h i s  v i s u a l  s t im u lu s  r e c r u i t s  a t t e n t i o n ;  how much p ro c e s s in g  o f  
t h i s  s t im u lu s  ta k e s  p la c e  and how th e s e  a d d i t i o n a l  t a s k  
req u ire m en ts  a f f e c t  th e  a t t e n t i o n  to  and p ro c e s s in g  o f  th e  o th e r  
a u d i to r y  and v i s u a l  s t i m u l i .
A s i m i l a r  s e t  o f  p ro ced u re s  were used  in  t h i s  experim ent a s  had 
been used  i n  Experiment 1. The c h i l d ' s  m other was asked to  s i t  
w i th  th e  baby on h e r  la p  and h i s  o r  h e r  body f a c in g  tow ards th e  
c e n t r a l  s c re e n .  The r e l a t i v e  t im in g s  o f  th e  s t im u l i  were as  
b e fo re .  That i s  th e  e l e c t r o n i c  p u lse  from th e  t a p e - r e c o r d e r  
a c t i v a t e d  b o th  s l i d e  p r o j e c t o r s .  The speech  s t im u lu s  from th e  
c e n t r a l  l o c a t i o n  commenced one second a f t e r  th e  o n se t  o f  th e  v i s u a l  
s t im u l i  and th e  l a t e r a l l y  p re s e n te d  sound o n s e t  one second a f t e r  
th e  speech .  A l l  f o u r  s t im u l i  o f f s e t  s im u l ta n e o u s ly .
S u b je c ts  were randomly a s s ig n e d  to  th e  d i f f e r e n t  c o n d i t io n s  
u n t i l  t h e r e  were f i v e  s u b je c t s  from each age group i n  each c e l l  o f  
Table 3*1* Only b a b ie s  who com pleted th e  experim ent w i th o u t  
i n t e r r u p t i o n  were in c lu d e d  in  th e  main d a ta  a n a l y s i s ,  as  in d i c a t e d  
above.
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H abituation  T r ia ls  V io la t io n  T r ia ls  V io la tio n  C ondition
1 -  6  7
C e n t r a l  L a t e r a l  C e n t ra l  L a t e r a l
S tim ulus  S tim ulus  S tim ulus  S tim ulus
Face 1; Design 1 Face 1; Design 1
Voice 1; Noise 1 Voice 1; Noise 2 Change o f  l a t e r a l
Face 2; Design 2 Face 2; Design 2 a u d i to r y  s t im u lu s
Voice 2; Noise 2 Voice 2; Noise 1
Face 1; Design 1 Face 1; D esign 1
Voice 1; Noise 1 Voice 2; Noise 1 Change o f  c e n t r a l
Face 2; Design 2 Face 2; Design 2 a u d i to r y  s t im u lu s
Voice 2; Noise 2 Voice 1; Noise 2
Face 1; Design 1 Face 2; Design 1
Voice 1; Noise 1 Voice 1; Noise 1 Change o f  c e n t r a l
Face 2; Design 2 Face 1; Design 2 v i s u a l  s t im u lu s
Voice 2; Noise 2 Voice 2; Noise 2
Face 1; Design 1 Face 1; Design 2
Voice 1; Noise 1 Voice 1 ;N oise 1 Change o f  l a t e r a l
Face 2; Design 2 Face 2; D esign 1 v i s u a l  s t im u lu s
Voice 2; Noise 2 Voice 2; Noise 2
T ab led ■1 Design o f  th e  h a b i t u a t i o n  and v i o l a t i o n  p r e s e n t a t i o n  
c o n d i t io n s  o f  Experiment 2.
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K esu lts
Although th e r e  w ere, as i n  th e  p re v io u s  experim ent seven 
dependent m easures f o r  each t r i a l ,  d e r iv e d  from th e  o b s e r v a t io n a l  
d a ta ,  th e  main focus  o f  th e  d i s c u s s io n  i s  p la ced  upon th e  t o t a l  
f i x a t i o n  s c o re s  tow ards th e  c e n t r a l  and l a t e r a l  s t im u l i  and th e  
l a te n c y  o f  f i r s t  f i x a t i o n  tow ards th e  l a t e r a l  s t im u lu s  f o r  each 
t r i a l .  The p a t t e r n  o f  r e s u l t s  from th e  f i r s t  f i x a t i o n  to  each  
s t im u lu s  was b ro ad ly  s i m i l a r  to  t h a t  o f  th e  t o t a l  f i x a t i o n  s c o r e s .  
The com plete  s e t  o f  d a ta  and a n a l y s i s  o f  v a r ia n c e  t a b l e s  can be 
found i n  Appendix 2.
H a b i tu a t io n  T r i a l s
As b e fo re  th e  f i r s t  a n a l y s i s  c a r r i e d  o u t  was to  d e te rm in e
w hether t h e r e  was any e f f e c t  a t t r i b u t a b l e  to  th e  s e t  o f  s t i m u l i
used as h a b i tu a t i o n  s t i m u l i ,  t h a t  i s  s e t  (a )  o r  ( b ) ;  a n d '  w he ther  
th e r e  were any d i f f e r e n c e s  i n  h a b i tu a t i o n  r a t e  dependent upon th e  
v i o l a t i o n  c o n d i t io n  to  which s u b je c t s  had been a s s ig n e d .
A ccord ing ly  an Age by C o n d it io n s  by S tim ulus  Se t by T r i a l s  a n a l y s i s  
o f  v a r ia n c e  was c a r r i e d  ou t i n  which th e  f i r s t  th r e e  f a c t o r s  were 
between group v a r i a b l e s  and T r i a l s  a w i th in  group v a r i a b l e .  There 
was no e f f e c t  f o r  S tim u lus  S e t  on any o f  th e  main m easures and no 
i n t e r a c t i o n  w ith  any o th e r  f a c t o r .  S im i la r ly ,  when th e  d a t a  was 
combined over th e  two l e v e l s  o f  t h i s  f a c t o r  and an Age by
C o n d it io n s  by T r i a l s  a n l y s i s  conducted th e r e  were no s i g n i f i c a n t  
e f f e c t s  f o r  C ond it ions  on any m easure. Thus th e  s u b je c t  g roups 
w i th in  each age l e v e l  a r e  s i m i l a r  i n  t h e i r  h a b i t u a t i o n  r a t e s  and
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th e s e  r a t e s  a r e  n o t  con tam ina ted  "by d i f f e r e n c e s  i n  th e  d i f f e r e n t  
s t i m u l i .  However, t h e r e  were s i g n i f i c a n t  main e f f e c t s  f o r  b o th  Age 
(F= 8 .9 6 5 ; d . f .=  1 ,72 ; p<0.005) and T r i a l s  (F=10 .942 ; d . f . =
5 ,360; p< 0 .001) on t o t a l  f i x a t i o n  to  th e  c e n t r a l  s t im u lu s .  There 
were no s i g n i f i c a n t  i n t e r a c t i o n s .  Both e f f e c t s  a re  e a s i l y
i n t e r p r e t a b l e .  Table 3*2 summarises th e  d a t a .  The s ix  month o ld  
group look  more tow ards th e  c e n t r a l  s t im u lu s  on each t r i a l  th a n  do 
th e  n in e  month o ld  group. Both groups d e c l in e  i n  f i x a t i o n  o v e r  th e  
s e r i e s  o f  t r i a l s  and th e  r a t e  o f  d e c l in e  i s  s i m i l a r  i n  each  age 
group.
T r i a l s
Age________1_______ 2______ 3_______4______ 5_______6 Mean
6 months 18.57 17*94 17*00 16.61 15*35 14*96 16*74
9 months 16.33 14*18 13*04 14*51 13*08 12.47 13*94
Mean 17*45 16.06 15*02 15*56 14*22 13*72
Table 3*2 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  c e n t r a l  
s t im u lu s ,  combined over v i o l a t i o n  c o n d i t io n s  -  Experiment 2.
T o ta l  f i x a t i o n  to  th e  s id e  s t im u lu s  showed a s i g n i f i c a n t  main 
e f f e c t  f o r  T r i a l s  (F= 3*255; d . f . =  5 ,360 ; p < 0 .0 l )  and an Age by
T r i a l s  i n t e r a c t i o n  (F= 2*547; d . f . =5,360; p < 0 .0 5 ) .  The mean d a ta
i s  shown i n  Table 3*3* This i n t e r a c t i o n  i s  such t h a t  th e  n in e  
month o ld  group shows a c o n s i s t e n t  d e c l in e  i n  f i x a t i o n  to  th e  s id e  
s t im u l i  over th e  f a m i l i a r i s a t i o n  t r i a l s  whereas th e  s i x  month o ld s  
show an a lm ost h o r i z o n t a l  f u n c t io n ,  t h a t  i s  l i t t l e  o r  no
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h a b i tu a t i o n .  F ig u re  3a d i s p la y s  t h i s  g r a p h ic a l l y  in c lu d in g  th e  
n in e  month o ld  s u b j e c t s  and th e  t o t a l  f i x a t i o n  to  th e  c e n t r e  
s t im u lu s .  I t  i s  easy  to  see  from t h i s  t h a t  th e r e  i s  a d i s t i n c t  
d i f f e r e n c e  i n  th e  d i s t r i b u t i o n  o f  a t t e n t i o n  between th e  two 
s t im u lu s  complexes i n  each age group.
T r i a l s
Age________1_______ 2_______3_______4_______5_______6 Mean
6 months 4*85 4-45 4-49 4-46 3-96 4 .85  4-51
9 months 6.01 6 .22 5-81 5*16 4 .24  3-94 5-23
Mean 5-43 5-34 5-15 4.81 4 .10  4-39
Table 3*5 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  s id e  s t im u lu s ,  
combined over v i o l a t i o n  c o n d i t io n s  -  Experim ent 2.
The a n a l y s i s  o f  th e  l a te n c y  o f  f i r s t  f i x a t i o n  to  th e  s id e
s t im u lu s  a l s o  showed a main e f f e c t  f o r  Age (F= 15*274; d . f . =  1 ,7 2 ;
p<0.001 ), b u t  no o th e r  s i g n i f i c a n t  main e f f e c t s  o r  i n t e r a c t i o n s .  
This i s  shown i n  F ig u re  3b where i t  can be seen  t h a t  o ve r  a l l
t r i a l s  th e  s i x  month group have much lo n g e r  l a t e n c i e s  th a n  th e  n in e
month o ld  group , t h a t  i s  th e  younger s u b je c t s  ta k e  much lo n g e r  to
s h i f t  t h e i r  a t t e n t i o n  to  th e  s id e  s t im u lu s .  A lthough th e r e  a r e  no 
s i g n i f i c a n t  t r e n d s  i n  th e  d a ta  a t  e i t h e r  age l e v e l  v i s u a l  
i n s p e c t io n  o f  th e  curves  s u g g e s ts  t h a t  th e r e  may be a s l i g h t  upward 
s lo p e  i n  th e  n in e  month group and a downward t r e n d  i n  th e  s i x  month 
g ro u p .
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In  summary, th e r e f o r e  i n  t h i s  m u lt i-m o d a l,  m u l t i - s t im u lu s  
environm ent t h e r e  i s  d e f i n i t e  ev idence  o f  h a b i t u a t i o n  to  some 
a s p e c t s  o f  th e  s t im u lu s  e l i c i t i n g  most a t t e n t i o n ;  ev idence  a l s o  o f  
h a b i t u a t i o n  o f  th e  competing s t im u lu s  complex in  th e  o ld e r  group 
b u t  no ev idence  o f  s y s te m a t ic  s h i f t s  i n  th e  a t t e n t i o n - g e t t i n g  o r  
a t t e n t i o n - h o l d i n g  p r o p e r t i e s  o f  th e  competing s t im u lu s  over  
re p e a te d  p r e s e n t a t i o n  b u t  ev idence  o f  a change w ith  age. The n e x t  
s e t  o f  a n a ly se s  c e n t r e  on th e  n a tu re  o f  th e  p ro c e s s in g  t h a t  
o ccu rred  d u r in g  th e se  r e p e a te d  p r e s e n t a t i o n s ,  as  ev idenced  by th e  
i n f a n t s '  b eh av io u r  d u r in g  th e  v i o l a t i o n  t r i a l s .
V io la t io n  T r i a l s
Ten s u b je c t s  a t  each age l e v e l  were a s s ig n e d  to  each v i o l a t i o n  
c o n d i t io n .  The e f f e c t s  o f  th e s e  s t im u lu s  changes was examined by 
com parison o f  th e  v i s u a l  f i x a t i o n  observed  on t r i a l  7 -  th e
v i o l a t i o n  t r i a l  w ith  t r i a l  6 -  the  l a s t  f a m i l i a r i s a t i o n  t r i a l .
There were no d i f f e r e n c e s  between th e  c o n d i t io n s  r e f l e c t e d  i n  th e  
f a m i l i a r i s a t i o n  t r i a l  d a t a .  . Thus any v a r i a t i o n  between th e  
c o n d i t io n s  can be lo c a te d  i n  th e  s t im u lu s  changes p e r  se  r a t h e r  
th a n  any o th e r  a s p e c t  o f  th e  e x p e r im e n ta l  p ro ced u re .  F ig u re s  3c to  
3 f  show th e s e  changes a c ro s s  t r i a l  6 and 7 f o r  each v i o l a t i o n  
c o n d i t io n  s e p a r a t e ly .
For th e  t o t a l  f i x a t i o n  to  th e  c e n t r e  s t im u lu s  th e r e  were no 
s i g n i f i c a n t  main e f f e c t s  b u t  s i g n i f i c a n t  Age by T r i a l s  (F= 5*096; 
d . f . =  1 ,72 ; p<0.05) and C on d it io n s  by T r i a l s  (F= 5*637; d . f . =
1 ,72 ;  p<0.005) i n t e r a c t i o n s .  The f i r s t  o f  th e se  i s  n o t  v e ry
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im p o r ta n t .  As Table  3*4 shows th e  e f f e c t  i s  such t h a t  th e  s i x  
month o ld  group p a id  more a t t e n t i o n  on th e  l a s t  h a b i t u a t i o n  t r i a l  
th a n  d id  th e  n in e  month g roup , b u t  t h a t  th e  o rd e r in g  was r e v e r s e d
on th e  v i o l a t i o n  t r i a l .  I t  i s  th e  d i f f e r e n c e s  among th e  C o n d it io n s
t h a t  we a re  p r im a r i ly  i n t e r e s t e d  i n  h e re .  Table 3*5 shows th e  mean 
f i x a t i o n s  f o r  b o th  t r i a l s  from each v i o l a t i o n  c o n d i t io n  averaged  
over  b o th  a g es .  From t h i s  i t  can be seen  t h a t  t h e r e  a r e  sm a l l  
d e c re a s e s  i n  f i x a t i o n  i n  c o n d i t io n s  1 ,2  and 4 , b u t  a l a r g e  in c r e a s e  
in  f i x a t i o n  to  v i o l a t i o n  3 -  changing th e  c e n t r a l  s t im u lu s  from one 
fem ale fa c e  to  a n o th e r .  Thus d em o n s tra t in g  as  i n  Experiment 1, 
p ro c e s s in g  and memory f o r  th e  c e n t r a l  v i s u a l  s t im u lu s .  Thus th e  
a d d i t i o n  o f  th e  e x t r a  v i s u a l  m a te r i a l  i n  t h i s  experim ent has  n o t  
d i s r u p te d  s i g n i f i c a n t l y  th e  p ro c e s s in g  o f  t h i s  c e n t r a l l y  p re s e n te d  
s t im u lu s .
T r i a l s  
Age__________ 6_______7
6 months 14*96 13*99
9 months 12.47 14*17
Table 3*4 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  c e n t r a l  
s t im u lu s ,  combined over  c o n d i t io n s  -  Experiment 2.
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V io la tio n  C ondition
T r ia ls
6  7
L a t e r a l  A ud ito ry  Change 14.52 15*01
C e n t ra l  A ud ito ry  Change 15*80 14*59
C e n t ra l  V isu a l  Change 12.28 16*79 *p<0.001
L a t e r a l  V isu a l  Change 12.28 11.95
T a b le d *5 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  c e n t r a l  
s t im u lu s ,  combined over  age -  Experiment 2.
The t o t a l  f i x a t i o n  to  th e  s id e  s t im u lu s  a l s o  produced no 
s i g n i f i c a n t  main e f f e c t s  and on ly  one s i g n i f i c a n t  i n t e r a c t i o n  -  
C o n d it io n s  by T r i a l s  (F= 4*455; d . f . =3,72; p < 0 .0 l ) .  A n a ly s is  o f
each c o n d i t io n  s e p a r a t e ly  r e v e a le d  t h a t  on ly  one c o n d i t io n  produced 
a s i g n i f i c a n t  d i f f e r e n c e  over th e  two t r i a l s  -  c o n d i t io n  3 -  
changing th e  c e n t r a l  v i s u a l  s t im u lu s .  However i n  t h i s  c a se  th e  
e f f e c t  was one o f  a s i g n i f i c a n t  d e c re a se  i n  f i x a t i o n .  The mean 
d a ta  a r e  shown i n  Table  3*6. This r e s u l t  i s  n o t  s u r p r i s i n g  s in c e  
t h e r e  was a co rresp o n d in g  in c r e a s e  i n  f i x a t i o n  to  th e  c e n t r a l  
s t im u lu s  under t h i s  c o n d i t io n ,  a s w i tc h  o f  a t t e n t i o n  from one 
s t im u lu s  to  a n o th e r .  There was no ev idence  f o r  s i g n i f i c a n t  changes 
under  e i t h e r  o f  th e  a u d i to r y  change c o n d i t io n s .
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V io la tio n  C ondition
T r ia ls
6 7
L a t e r a l  A ud ito ry  Change 4-23 4»95
C e n t ra l  A ud ito ry  Change 4*01 3*64
C e n t ra l  V isu a l  Change 4*56 2 .27  *p<0.05
L a t e r a l  V isu a l  Change 4*78 6 .25
Table3»6 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  s id e  s t im u lu s ,  
combined over age -  Experiment 2.
We might have expec ted  to  f in d  an in c r e a s e  i n  f i x a t i o n  to  th e  
s id e  s t im u lu s  on i t s  change as  ev idence  o f  memory f o r  th e  
f a m i l i a r i s e d  s id e  s t im u lu s ,  bu t i t  was n o t  a p p a re n t  from t h i s  
o v e r a l l  a n a l y s i s .  However, when an a ly sed  s e p a r a t e ly ,  v i o l a t i o n  
c o n d i t io n  4 , r e v e a le d  s i g n i f i c a n t  Age by T r i a l s  i n t e r a c t i o n s  on 
b o th  th e  t o t a l  f i x a t i o n  to  th e  c e n t r e  (F= 10 .30;  d . f . =  1 ,18
P<0.01) and t o t a l  f i x a t i o n  to  th e  s id e  m easures (F=5.206; 
d . f . =1,1.8; p< 0 .05 ) .  From th e  mean d a ta  shown i n  T ab les  3*7 and
3»8 i t  can be seen  t h a t  th e  s i x  month o ld  i n f a n t s  show a d e c l in e  i n  
f i x a t i o n  to  th e  c e n t r a l  s t im u lu s  b u t  no co rre sp o n d in g  in c r e a s e  to  
th e  new s id e  s t im u lu s .  The n in e  month o ld  group however, show 
in c r e a s e s  i n  v i s u a l  f i x a t i o n  to  bo th  th e  s id e  s t im u lu s  and th e  
c e n t r a l  s t im u lu s  when th e  s id e  s t im u lu s  i s  changed.
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T r ia ls
Age__________ 6_______7
6 months 13-41 10.50
9 months 11.15 13.39
Table 3 .7  Mean d u r a t io n o f  t o t a l  f i x a t i o n  to  th e  c e n t r a l
s t im u lu s , under c o n d i t io n 4 -  change o f  th e  l a t e r a l  v i s u a l
s t im u lu s .
T r i a l s
Age 6 7
6 months 5-96 5 .8
9 months 3.59 6 .7
Table 3*8 Mean d u r a t i o n  o f  t o t a l  f i x a t i o n  to  th e  s id e  s t im u lu s ,  
under c o n d i t io n  4 -  change o f  th e  l a t e r a l  v i s u a l  s t im u lu s .
The l a s t  s e t  o f  a n a ly se s  inv o lv ed  exam ina tion  o f  th e  changes in  
l a te n c y  o f  th e  f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s  -  see  T ab le  3»9« 
The on ly  s i g n i f i c a n t  r e s u l t s  were a main e f f e c t  f o r  C o n d it io n s  (F= 
5*177; d . f . =  3 ,7 2 ;  p< 0 .0 0 5 )  and a main e f f e c t  f o r  T r i a l s  (F=
4 .1 9 2 ; d . f . = 1 , 7 2 ;  p< 0 .0 5 )  w ith  no s i g n i f i c a n t  i n t e r a c t i o n s  o r  
o th e r  main e f f e c t s .  None o f  th e se  r e s u l t s  a r e  p a r t i c u l a r y  
m eaningfu l i n  them se lves ,  th e  C o n d it io n s  e f f e c t  r e f l e c t i n g  on ly  th e  
s h o r t  l a t e n c i e s  o f  v i o l a t i o n  group 4, and th e  e f f e c t s  f o r  T r i a l s  
i n d i c a t i n g  t h a t  on average  l a t e n c i e s  were lo n g e r  on t r i a l  7 th a n  on
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t r i a l  6. Although th e r e  were no s i g n i f i c a n t  i n t e r a c t i o n s  t h i s  l a s t  
r e s u l t  ap p ea rs  to  he due to  th e  c o n t r i b u t i o n s  o f  c o n d i t io n s  2 and 
3* I n d iv id u a l  a n a ly se s  o f  th e  d i f f e r e n t  c o n d i t io n s  r e s u l t e d  i n  
o n ly  one s i g n i f i c a n t  T r i a l s  e f f e c t ,  t h a t  f o r  change o f  th e  c e n t r a l  
s t im u lu s  -  c o n d i t io n  3 (F= 5*751; d . f . *  1 ,18 ; p < 0 .0 5 ) ,  showing an
in c r e a s e  i n  l a te n c y  to  tu r n  to  th e  s id e  s t im u lu s  on t r i a l  7* This 
i s  q u i t e  c o n s i s t e n t  w i th  th e  o th e r  s i g n i f i c a n t  r e s u l t s  f o r  th e  
t o t a l  f i x a t i o n  d a ta  p r e v io u s ly  r e p o r te d  f o r  t h i s  c o n d i t io n .  The 
new c e n t r a l  s t im u lu s  h o ld s  th e  c h i l d ' s  a t t e n t i o n .
T r i a l s
V io la t io n  C ond it ion ___________ 6_______7
L a t e r a l  A ud ito ry  Change 9*47 9*51
C e n t ra l  A ud ito ry  Change 11.97 15*36
C e n t ra l  V isu a l  Change 9*30 15*64 *p<0.05
L a t e r a l  V isu a l  Change 6 .06  5*62
T a b le d *9 Mean d u r a t io n  o f  l a te n c y  o f  f i r s t  f i x a t i o n  to  th e  s id e  
s t im u lu s ,  combined over  age -  Experiment 2.
In  summary th e n ,  th e  r e s u l t s  a r e  s l i g h t l y  d i s a p p o in t in g .  There 
was ev idence  o f  h a b i t u a t i o n  to  bo th  th e  c e n t r a l  and s id e  s t i m u l i  
f o r  th e  9 month o ld  group and a l s o  h a b i t u a t i o n  to  th e  c e n t r a l  
s t im u lu s  f o r  th e  6 month i n f a n t s ,  b u t  no h a b i t u a t i o n  to  th e  s id e  
s t im u lu s .  This c e n t r a l  h a b i t u a t i o n  on ly  appeared  to  be to  th e  
v i s u a l  a s p e c t s  o f  bo th  s t im u lu s  s e t s .  C o n s is te n t  and s i g n i f i c a n t  
re c o v e ry  o f  a t t e n t i o n  was found f o r  b o th  age g roups u n d e r
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c o n d i t io n s  o f  change from one fa c e  to  a n o th e r ,  h u t  on ly  th e  9 month 
o ld  i n f a n t s  showed re c o v e ry  o f  a t t e n t i o n  to  th e  changed ch rom atic  
p a t t e r n  p re s e n te d  a t  th e  s i d e .  This l a t t e r  r e s u l t  i s  s l i g h t l y  
com plica ted  by th e  f a c t  t h a t  u nder  t h i s  change, th e  9 month o ld s  
a l s o  showed in c re a s e d  a t t e n t i o n  to  th e  c e n t r a l  s t im u lu s  which had 
remained unchanged (se e  Table 3*7)* This i s  a d i f f i c u l t  r e s u l t  to  
i n t e r p r e t .  I f  i t  were due to  a g e n e ra l  in c r e a s e  i n  a r o u s a l  o f  
v i s u a l  beh av io u r  th en  one might ex p ec t  a s i m i l a r  e f f e c t  to  have 
o ccu rred  under  v i o l a t i o n  c o n d i t io n  3> where th e  c e n t r a l  v i s u a l  
s t im u lu s  was changed, t h a t  i s  n o t  on ly  in c re a s e d  a t t e n t i o n  to  th e  
new c e n t r a l  s t im u lu s  b u t  a l s o  in c re a s e d  lo o k in g  tow ards th e  
unchanged s id e  s t im u lu s .  Table 3*6 shows t h a t  t h i s  was n o t  th e  
c a s e .  There was no in c r e a s e  i n  f i x a t i o n  to  th e  s id e .  One might 
a rgue t h a t  th e  rea so n  t h a t  t h i s  g e n e ra l  a r o u s a l  e f f e c t  was n o t  
a p p a re n t  i n  t h i s  c o n d i t io n  was because  th e  i n f a n t ' s  v i s u a l  
p ro c e s s in g  c a p a c i ty  was be ing  f u l l y  u t i l i s e d  a n a ly s in g  th e  new 
c e n t r a l  s t im u lu s .  That i s  t h a t  th ey  had no tim e o r  o p p o r tu n i ty  to  
show in c re a s e d  f i x a t i o n  to  th e  unchanged s id e  s t im u lu s .  
U n fo r tu n a te ly  th e  r e s u l t s  do n o t  su p p o r t  t h i s  h y p o th e s i s  e i t h e r .  
The mean f i x a t i o n  tim e f o r  th e  n in e  month o ld  group on th e  
v i o l a t i o n  t r i a l  where th e  f a c e  was changed was on ly  16.30 s e c o n d s ,  
and even ta k in g  i n t o  accoun t th e  average  f i x a t i o n  tim e to  th e  s id e  
s t im u lu s  -  1 .80  sieconds, t h a t  le a v e s  app ro x im ate ly  10 seconds  o r
one t h i r d  o f  th e  t r i a l  tim e t h a t  could  have been d i s t r i b u t e d  to  one 
o r  o th e r  o f  th e  s t i m u l i .
The e x t e n t  to  which th e r e  was any p ro c e s s in g  o f  th e  a u d i to r y  
s t im u l i  i s  a lm ost im p o ss ib le  to  gauge. The te ch n iq u e  r e q u i r e s
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t h e r e  to  he changes i n  v i s u a l  f i x a t i o n  as  a r e s u l t  o f  th e  v a r i a t i o n  
i n  th e  a u d i to ry  s t i m u l i .  Thus when th e r e  a r e  no s i g n i f i c a n t  
i n c r e a s e s  o r  d e c re a se s  i n  v i s u a l  b eh av io u r ,  th e  te ch n iq u e  confounds 
w hether  t h i s  i s  due to  la c k  o f  p ro c e s s in g  o f  th e  a u d i to r y  s t im u l i  
i . e .  com plete  ' b l o c k i n g ' ;  o r  la c k  o f  d i s c r i m in a t io n  o f  th e  
changes p re s e n te d ,  o r  d i s c r i m in a t io n  o f  th e  changes b u t  la c k  o f  
o v e r t  re sp o n se .  There i s  c e r t a i n l y  no ev idence  h e re  o f  
r e s p o n s iv e n e s s  to  th e  a u d i to r y  s t im u lu s  changes by e i t h e r  age group 
on th e  s im ple  f i x a t i o n  m easures,  o r  on th e  sw itc h in g  o f  a t t e n t i o n .  
Whether t h i s  r e f l e c t s  one o f  th e s e  p o s s i b i l i t i e s  w i l l  be co n s id e re d  
l a t e r ,  bu t i t  must be remembered t h a t  b o th  age groups ev idenced  
d i s c r i m in a t io n  o f  a u d i to r y  change i n  Experiment 1.
The f i n a l  a s p e c t  o f  Experiment 2 was th e  i n v e s t i g a t i o n  o f  th e  
e f f e c t  t h a t  th e  in t r o d u c t i o n  o f  a l a t e r a l l y  p r e s e n te d  v i s u a l  
s t im u lu s  i n  co nduc t ion  w i th  a l a t e r a l l y  p re se n te d  a u d i to r y  s t im u lu s  
would have on spon taneous  o r i e n t a t i o n .  Table 3*10 shows the  
r e s u l t s  from Experiment 2.
T r i a l s
Age Group 1_____ 2_____ 3_____4_____5______ 6
6 months 6 11 7 7 8 3
9 months 1 1 3  0 1 4
Table3»10 Frequency o f  i n f a n t s  showing no o r i e n t a t i o n  to  th e  
s id e  s t im u lu s  d u r in g  th e  h a b i t u a t i o n  t r i a l s .  N=40 f o r  each age 
group -  Experiment 2.
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I t  can  be seen  t h a t  th e r e  i s  an age d i f f e r e n c e ,  t h a t  i s  th e  n in e  
month o ld  b a b ie s  a r e  more l i k e l y  to  produce an a p p r o p r ia t e  head 
tu r n  th a n  th e  s i x  month o ld  group. However, th e r e  i s  no 
d i s c e r n i b l e  u n eq u iv o ca l  t r e n d  o ver  th e  h a b i t u a t i o n  t r i a l s ,  e i t h e r  
in c r e a s in g  o r  d e c re a s in g .  These d a ta  w i l l  be compared d i r e c t l y  
w i th  th e  r e s u l t s  from Experim ent 1 i n  the  fo l lo w in g  c h a p te r .
In  c o n c lu s io n ,  under  th e  b im odal, b i s t im u lu s  c o n d i t io n s  
p re s e n te d  h e re  9 month o ld  i n f a n t s ,  d i s t r i b u t e  t h e i r  v i s u a l  
a t t e n t i o n  more even ly  between two s t im u l i  th an  do 6 month o ld  
i n f a n t s ;  a r e  more e f f i c i e n t  a t  p ro c e s s in g  th e  two s t i m u l i  as  
ev idenced  by t h e i r  d e c l in e s  i n  a t t e n t i o n  and a r e  more l i k e l y  to  
r e c o g n ise  changes i n  th e  v i s u a l  f e a t u r e s  o f  m u lti-m oda l s t i m u l i  as  
shown by t h e i r  in c r e a s e  i n  a t t e n t i o n  consequen t upon th e s e  changes. 
In  c o n t r a s t ,  th e  6 month o ld  i n f a n t  i s  more l i k e l y  to  f i x a t e  th e  
c e n t r a l l y  p re s e n te d  s t im u lu s ,  ta k e  lo n g e r  to  h a b i tu a t e  to  b o th  i t  
and th e  l a t e r a l  s t im u lu s  and be l e s s  l i k e l y  t h e r e f o r e  to  respond  to  
changes i n  th e  s id e  s t im u lu s .  That i s  th e y  a r e  s low er  and l e s s  
e f f i c i e n t  p ro c e s s o r s  o f  v i s u a l  in fo rm a t io n .
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CHAPTER FOUR
GENERAL DISCUSSION OF EXPERIMENTS 1 AND 2.
The on ly  d i f f e r e n c e  between Experim ents 1 and 2 was th e  
i n t r o d u c t i o n  o f  an a d d i t i o n a l  v i s u a l  s t im u lu s ,  c o - lo c a te d  w ith  th e  
l a t e r a l l y  p re se n te d  a u d i to r y  s t im u lu s .  We w i l l  f i r s t  examine what 
e f f e c t  t h i s  e x t r a  demand on th e  i n f a n t ' s  p ro c e s s in g  c a p a c i t i e s  had 
on th e  memory and d i s c r i m in a t iv e  a b i l i t i e s  shown in  th e  f i r s t  
s tu d y .  R e c a p i tu l a t i n g ,  i t  was found in  Experiment 1 t h a t  from 6 
months, i n f a n t s  could a l l o c a t e  a t t e n t i o n  bo th  to  a bim odal 
c e n t r a l l y  p re s e n te d  s t im u lu s  complex and to  a l a t e r a l l y  p re s e n te d  
a u d i to ry  s t im u lu s  such t h a t  th ey  could p ro c e ss  and remember enough 
o f  th e  v i s u a l  s t im u lu s  to  d e t e c t  and respond to  changes from one 
fem ale fa c e  to  a n o th e r .  Secondly , t h a t  th ey  could  p ro c e s s  and 
remember enough o f  th e  s id e  s t im u lu s ,  p r e s e n te d  s im u l ta n e o u s ly  w ith  
th e  c e n t r a l  s t im u l i  to  en ab le  them to  d e t e c t  th e  change from one 
sound to  a n o th e r .  There was no ev idence  f o r  d i s c r i m in a t iv e  
p ro c e s s in g  o f  th e  change in  th e  c e n t r a l  v o ic e  s t im u lu s  a p a r t  from 
some t e n t a t i v e  i n d i c a t i o n  o f  in c re a s e d  a t t e n t i o n  in  th e  12 month 
o ld  group. T h i rd ly ,  th e s e  d i s c r i m in a t iv e  c a p a c i t i e s  improved o ver  
th e  age range  in c lu d e d ,  6 to  12 months.
Comparisons o f  th e  r e s u l t s  o f  th e  two experim en ts  a r e  most
e a s i l y  made by r e f e r e n c e  to  F ig u re  2c to  2g f o r  Experiment 1 (pages
138, 139, 143-145) and F ig u re s  3a to  3 f  f o r  Experiment 2 (pages
170, 171, 174-177)* C o n cen tra t in g  i n t i a l l y  on th e  f a m i l i a r i s a t i o n
sequences -  F ig u re s  2c, 2d, 3a and 3b -  i t  can be seen  t h a t  th e
in t r o d u c t i o n  o f  th e  a d d i t i o n a l  s id e  s t im u lu s  i n  Experim ent 2
d ecreased  th e  a b s o lu te  amount o f  f i x a t i o n  to  th e  c e n t r e  s t im u lu s  
and induced a c o r re sp o n d in g  in c r e a s e  i n  f i x a t i o n  to  the  s i d e .  Thus
th e  t r a d i t i o n a l  i n t e r p r e t a t i o n  would be t h a t  th e r e  was l e s s
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o p p o r tu n i ty  f o r  th e  i n f a n t s  to  b u i ld  up a schema o r  r e p r e s e n t a t i o n  
o f  the  l e s s  s a l i e n t  a s p e c t s  o f  th e  f a m i l i a r i s e d  fa c e  and v o ic e .  
F ig u re s  2e to  2g and 3c to  3 f  show what e f f e c t  t h i s  had on th e  
subsequen t changes in t ro d u c e d .
In  bo th  ex p e r im en ts ,  th e r e  were s i g n i f i c a n t  in c r e a s e s  i n  t o t a l  
f i x a t i o n  to  change o f  th e  c e n t r a l  v i s u a l  s t im u lu s  a t  bo th  6 months 
and 9 months. More im p o r ta n t ly  however, th e  a b s o lu te  l e v e l s  o f  
in c r e a s e  were h ig h ly  s i m i l a r  a t  each c o r re sp o n d in g  age l e v e l  -  3*50 
seconds and 5*96 seconds f o r  th e  6 and 9 month o ld  i n f a n t s  
r e s p e c t iv e l y  i n  Experiment 1 and 3*22 seconds and 5*79 seconds 
r e s p e c t iv e l y  in  Experiment 2. Thus i t  would appea r  t h a t  t h e r e  was 
a b s o lu t e ly  no i n t e r f e r i n g  e f f e c t  o f  th e  s id e  s t im u lu s  on th e  
i n f a n t ' s  memory o f  w hatever a s p e c t s  o f  th e  f a c i a l  s t im u l i  i t  was
encoding . (However, as  we s h a l l  see  l a t e r  th e r e  may be c o s t s
invo lved  in  th e  p ro c e s s in g  o f  th e  a u d i to r y  m a t e r i a l . )  T h is  f in d in g  
n e a t ly  complements o th e r  s t u d i e s ,  u s in g  d i f f e r e n t  te c h n iq u e s  which 
have found th e  young i n f a n t ' s  p ro c e s s in g  and s to r a g e  o f  v i s u a l  
in fo rm a t io n  to  be ex trem ely  ro b u s t  to  i n t e r f e r e n c e  from o th e r  
v i s u a l  s t im u l i  and t h a t  a s p e c t s  o f  th e  s t im u lu s  t h a t  a r e  encoded 
a r e  n o t  e a s i l y  f o r g o t t e n .  In  th e  f i r s t  o f  th e s e  Cohen, DeLoache 
and P e a r l  (1977) h a b i tu a te d  18 week o ld  b a b ie s  to  co lo u red  p i c t u r e s  
o f  a woman's fa c e  and th en  p re s e n te d  them w ith  a number o f  t r i a l s  
o f  d i f f e r e n t  p i c t u r e s  v a ry in g  the  amount o f  exposure  and th e  deg ree  
o f  s i m i l a r i t y  to  th e  o r i g i n a l  f a c e .  They found the  p o t e n t i a l l y
i n t e r f e r i n g  m a te r i a l  to  have no e f f e c t  on th e  i n f a n t ' s  memory f o r
th e  o r i g i n a l  s t im u lu s  o r  on th e  d i s c r i m in a t io n  o f  d i f f e r e n t  f a c i a l  
s t i m u l i .  McCall, Kennedy and Dodds (1977) a l s o  used a
Page 186
h a b i t u a t i o n - d i s t r a c t i o n  t e s t  paradigm w ith  3 1/2 month o ld  i n f a n t s .  
They found e s s e n t i a l l y  th e  same r e s u l t s  w ith  c o lo u re d ,  a b s t r a c t  
s t im u l i  (3 arrows v a ry in g  in  o r i e n t a t i o n ,  an oc tagon , a f lo w er
o u t l i n e  and a random sh a p e ) .  However, they  a l s o  found some
evidence  to  su g g e s t  t h a t  i n f a n t s  who showed some s ig n s  o f  hav ing  
p ro cessed  th e  d i s t r a c t i n g  s t im u l i  a l s o  showed i n t e r f e r e n c e  e f f e c t s  
i n  t h e i r  memory f o r  th e  t a r g e t .
A s i m i l a r  c o n c lu s io n  was reached  by Fagan (1977)* He used  a 
p a ire d -co m p ar iso n  p rocedure  w ith  22 week o ld  i n f a n t s  and a g a in  
exposed them to  d i s t r a c t i o n  v a ry in g  b o th  exposure  tim e and
s i m i l a r i t y  to  th e  f a m i l i a r i s e d  i te m s .  Any i n t e r f e r e n c e  e f f e c t s
t h a t  were produced were o f  a tem porary  n a tu r e ,  m ain ly  by
d i s t r a c t o r s  h ig h  i n  s i m i l a r i t y  v a lue  to  th e  o r i g i n a l  s t i m u l i .  
However even t h i s  i n t e r f e r e n c e  was e a s i l y  o b v ia te d  by b r i e f  
exposures  to  th e  f a m i l i a r  s t im u lu s .
The p re s e n t  experim en ts  which used a s im u ltaneous  r a t h e r  th a n  a 
s u c c e s s iv e  means o f  p r e s e n t a t i o n  f u r t h e r  a t t e s t  to  th e  
s o p h i s t i c a t e d  n a tu re  o f  th e  i n f a n t ' s  encoding p ro c e s s e s .  In  
p a r t i c u l a r ,  th e s e  s t u d i e s  dem onstra te  th e  c a p a c i ty  to  a l l o c a t e  
v i s u a l  a t t e n t i o n  to  two s p a t i a l l y  s e p a r a t e  v i s u a l  s t i m u l i  t h a t  
could be reg a rd ed  as  b e in g  m u tu a lly  i n t e r f e r i n g  and encode b o th .  
Thus n o t  on ly  i s  th e  i n f a n t ' s  memory f o r  p re v io u s ly  encoded
m a te r i a l  ro b u s t ,  bu t th e  i n t i a l  encoding p ro c e ss  i t s e l f  i s  a b le  to  
d i f f e r e n t i a t e  and r e p r e s e n t  two competing s t i m u l i .  This does n o t  
imply however t h a t  i n t e r f e r e n c e  e f f e c t s  do n o t  o ccu r .  Indeed
F a g a n 's  work (1973, 1977) s u g g e s ts  t h a t  d i s t r a c t o r s  h ig h ly  s i m i l a r
Page 187
to  th e  to-be-rem em bered s t i m u l i ,  may have t h a t  e f f e c t  to  some 
d eg ree .  I t  could  a l s o  be h y p o th e s ise d  t h a t  th e  s a l i e n c y  o f  th e  
d i s t r a c t o r s  would be an im p o r ta n t  f a c t o r .  Both Cohen e t .  a l .  
(1977) and Fagan (1977) used h ig h ly  s a l i e n t  t a r g e t  s t i m u l i ,
pho tographs  o f  fem ale f a c e s  and th u s  lend  no l i g h t  to  t h i s
s p e c u la t io n .  What would be r e q u i r e d  i s  a s tu d y  u s in g  r e l a t i v e l y  
low v a lu e  t a r g e t  s t i m u l i ,  e . g .  ch ec k e rb o ard s ,  b la c k  and w h ite  
g eom etr ic  p a t t e r n s  e t c . , and d i s t r a c t o r s  v a ry in g  in  b o th  
f a m i l i a r i t y  and s a l i e n c y  as  e s t im a te d  by some indep en d en t 
p r e fe re n c e  p ro ced u re .
Experiment 2 g iv es  some i n d i c a t i o n  o f  th e  r e s u l t s  t h a t  cou ld  be 
ex p ec ted .  I t  ju x ta p o s e s  two v i s u a l  s t im u l i  o f  d i f f e r i n g  s a l i e n c e  
and as w e l l  as  a s s e s s in g  th e  degree  to  which th e  co lo u red  d e s ig n  
i n t e r f e r e s  w ith  th e  p ro c e s s in g  o f  th e  f a c e ,  one can a l s o  view th e  
experim ent a s  one in  which th e  assessm en t i s  o f  th e  i n t e r f e r i n g
e f f e c t  o f  th e  fa c e  on th e  p ro c e s s in g  o f  th e  co lou red  d e s ig n .
Although, c o n d i t io n  3 -  th e  change o f  th e  c e n t r a l  v i s u a l  s t im u lu s ,  
in  Experiment 1 p ro v id e s  a c o n t r o l  c o n d i t io n  f o r  th e  a ssessm en t o f  
memory and d i s c r im in a t io n  o f  th e  f a c i a l  s t im u l i  when p re s e n te d  as  a 
s in g l e  v i s u a l  s t im u lu s  t h e r e  was no com parable c o n t r o l  c o n d i t io n ,  
in  t h i s  s e r i e s  o f  s t u d i e s  f o r  th e  co lo u red  d e s ig n  s t i m u l i .  There 
i s  however, independen t ev idence  t h a t  b e a r s  upon t h i s  i s s u e .
The a b s t r a c t  v i s u a l  s t im u l i  p re s e n te d  h e re  had a l r e a d y  been 
used in  a s tu d y  by McGurk (1977) where they  had been p a i r e d  w ith  
th e  non-speech  a u d i to r y  s t im u l i  a l s o  used in  Experim ents 1 and 2 . 
He p re s e n te d  th e s e  m a te r i a l s  to  3 , 6, 9, and 12 month o ld  i n f a n t s
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in  a f a m i l i a r i s a t i o n / r e c o v e r y  paradigm . There were s i x  by 20
second h a b i t u a t i o n  t r i a l s  and one 20 second v i o l a t i o n  t r i a l .  He
found t h a t  on ly  th e  6, 9 and 12 month o ld  b a b ie s  showed ev idence  o f  
h a b i tu a t i o n  o f  v i s u a l  a t t e n t i o n .  The r e s u l t s  o b ta in e d  from th e  
change o f  th e  v i s u a l  s t im u lu s  a r e  shown in  Table 4 -1-
T r i a l s
Age_________ 1 2 3 4 5 6________7 _
6 months 14.80 13-29 10.04 11.21 10.54 10.04 11.04
9 months 16.17 14-75 13-79 13-04 12.42 11.54 13-46
12 months 14-54 13-54 13-04 12.63 13-79 10.21 12.54
Table 4-1 Mean d u r a t i o n  o f  t o t a l  f i x a t i o n  under c o n d i t io n  1 
change o f  th e  v i s u a l  s t im u lu s  -  from McGurk (1977)-
C le a r ly  th e r e  was ev idence f o r  d i s c r i m in a t io n  o f  th e  change i n  th e
v i s u a l  s t im u lu s  a t  a l l  th r e e  age l e v e l s ,  a l th o u g h  th e  i n c r e a s e  i n
a t t e n t i o n  i n  th e  6 month o ld  group was q u i t e  sm a l l .  F ig u re
(page 177) and Table 3 -8  (page 180) show th e  d a ta  from c o n d i t io n  4 
in  Experiment 2 which p re s e n te d  th e  same changes i n  th e  co lo u re d  
d es ig n  s t i m u l i .  Only th e  9 month o ld  group shows in c re a s e d
f i x a t i o n  to  th e  s id e  v i s u a l  s t im u lu s  when changed from one p a t t e r n  
to  a n o th e r .  Thus th e r e  does seem to  be some i n t e r f e r i n g  e f f e c t  on 
th e  p ro c e s s in g  and encoding o f  th e  d e s ig n  by s im u l tan e o u s  
p r e s e n ta t i o n  o f  a h ig h ly  s a l i e n t  f a c e  s t im u lu s .  The 6 month o ld  
group move from a p o s i t i o n  o f  a sm a ll  in c r e a s e  to  one o f  no change 
in  a t t e n t i o n  upon change o f  th e  d e s ig n .  However t h e r e  i s  a 
p o s s i b l e  confounding h e re  by d i f f e r e n c e s  i n  th e  o v e r a l l  amount o f
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a t t e n t i o n  p a id  to  th e  d e s ig n  between th e  two ex p er im en ts .  That i s  
th e  la c k  o f  d i s c r i m in a t io n  between th e  a b s t r a c t  s t im u l i  i n  th e  6 
month o ld  group i n  Experiment 2 may have been sim ply because  th ey  
d id  n o t  f i x a t e  th e  s t im u lu s  as  much as  th e  6 month o ld  b a b ie s  i n  
th e  McGurk s tu d y .  One can p a r t i a l l y  o b v ia te  t h i s  c r i t i c i s m  by 
lo o k in g  a t  th e  amount o f  in c r e a s e  i n  a t t e n t i o n  r e l a t i v e  to  th e  
g e n e ra l  l e v e l  o f  h a b i tu a te d  a t t e n t i o n .  For th e  9 month o ld  group 
th e r e  i s  ap p ro x im ate ly  a 100 p e rc e n t  in c r e a s e  i n  a t t e n t i o n  i n  t h i s  
experim ent compared to  17 p e r c e n t  f o r  th e  same age s u b j e c t s  i n  th e  
McGurk s tu d y .  Thus i t  would ap p ea r  t h a t  any i n t e r f e r i n g  e f f e c t  
t h a t  th e  f a c e -v o ic e  s t im u l i  had was very  much age dependen t,  t h a t  
i s  th e  6 month o ld  i n f a n t s  were a f f e c t e d  b u t  t h a t  th e  9 month o ld  
group was a b le  to  cope w i th  th e  a d d i t i o n a l  p ro c e s s in g  lo a d .  
E x ac t ly  how they  cope w ith  t h i s  in c re a s e d  load  i s  s t i l l  u n c l e a r  i n  
th e  l i g h t  o f  th e  f a c t  t h a t  they  a l s o  showed in c re a s e d  a t t e n t i o n  to  
th e  c e n t r a l  s t im u lu s  when th e  s id e  s t im u lu s  was changed ( s e e  Table  
3 -7 ,  page 180). The r e s p o n s iv i t y  to  th e se  changes may be o n ly  a 
n o n - s p e c i f i c  in c r e a s e  i n  v i s u a l  b eh av io u r  r a t h e r  th an  d i r e c t l y  
r e l a t e d  to  th e  p a r t i c u l a r  s t im u lu s  changes in t ro d u c e d .
In  c o n c lu s io n  then  th e  developm enta l t r e n d  from 6 to  9 months 
to  s im u ltaneous  v i s u a l  in p u t s  ap p ea rs  to  go from a h ig h  deg ree  o f  
v i s u a l  c a p tu re  o f  th e  younger c h i l d ' s  a t t e n t i o n  by th e  h ig h ly  
s a l i e n t  s t im u lu s  and a t  l e a s t  p a r t i a l  b lo c k in g  o f  th e  l e s s  s a l i e n t  
a s p e c t s  o f  th e  v i s u a l  env ironm ent, to  a more d i s t r i b u t e d  p ro c e s s in g  
s t r a t e g y  in  th e  o ld e r  group. There may s t i l l  be r e s t r i c t i o n s  
however on th e  d i s c r i m in a t iv e  a b i l i t i e s  o f  t h i s  group to  th e  l e s s  
s a l i e n t  v i s u a l  s t i m u l i .
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The e f f e c t s  o f  in c r e a s in g  t h i s  v i s u a l  p ro c e s s in g  load  on th e  
i n f a n t ' s  a u d i to r y  p ro c e s s in g  and .d is c r im in a t io n  a r e  much c l e a r e r .  
Obviously s in c e  th e r e  was no ev idence  f o r  d i s c r i m in a t io n  o f  th e  
v o ic e s  i n  Experiment 1 t h e r e  could be no f u r t h e r  e f f e c t  due to  
i n t e r f e r e n c e  from th e  a d d i t i o n a l  v i s u a l  s t im u lu s  i n  Experim ent 2. 
However we can a s s e s s  th e  e f f e c t s  on th e  l a t e r a l l y  p re s e n te d  
non-speech  sounds. In  th e  f i r s t  experim ent th e r e  was v e ry  c l e a r  
ev idence  o f  d i s c r i m in a t io n  o f  th e  two sounds a t  a l l  t h r e e  age 
l e v e l s ,  bu t no ev idence  o f  such d i s c r i m in a t io n  i n  Experiment 2, 
from e i t h e r  th e  f i x a t i o n  o r  l a t e n c y  d a ta .  These same sounds had 
been used  in  th e  McGurk (1977) s tu d y  which has  a l r e a d y  been 
d is c u s s e d .  In  t h a t  in s ta n c e  th e y  were p re s e n te d  s im u l ta n e o u s ly  
w ith  th e  co lou red  d es ig n  s t i m u l i .  I n f a n t s  from 6 months d e t e c te d  
when th e  sounds changed from one to  th e  o th e r .  Thus i n f a n t s  can 
d i s c r im in a t e  between th e se  sounds when (1) th ey  a r e  p a i re d  w ith  a 
v i s u a l  s t im u lu s  and th e  r e s u l t i n g  complex p re s e n te d  by i t s e l f ,  and 
(2 )  th e  sounds a r e  p re se n te d  s im u l ta n e o u s ly  w ith  a s p a t i a l l y  
s e p a r a t e ,  d i f f e r e n t  s ig h t- s o u n d  complex hav ing  h ig h  a t t e n t i o n a l  
v a lu e .  These d i s c r im in a t io n s  a r e  n o t  made when th e  two s i t u a t i o n s  
a r e  combined. This l a t t e r  s t im u lu s  environm ent ap p ea rs  to  be 
re a c h in g  some s o r t  o f  l i m i t  on th e  6 to  9 month o ld  i n f a n t ' s 
c a p a c i ty  to  respond to  p a r t i c u l a r  changes i n  p e r ip h e r a l  a u d i to r y  
s t i m u l i .
Three p o s s i b i l i t i e s  were p re v io u s ly  o u t l in e d  as  c o n t r i b u t i n g  to  
t h i s  la c k  o f  d i s c r i m in a t io n  in  Experiment 2 . One was t h a t  th e  
i n f a n t s  were d i s c r i m in a t in g  b u t  s im ply  n o t  re spond ing .  This  seems 
u n l i k e ly  as  th e  9 month o ld  group d id  respond to  changes i n  th e
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v i s u a l  s t im u lu s  a t  th e  s id e .  Thus i t  seems we must l o c a t e  th e  
cause  i n  th e  i n f a n t ' s  a u d i to r y  p ro c e s s in g  r a t h e r  than  i n  h i s  
re sp o n se  c a p a b i l i t i e s .  I t  i s  n o t  p o s s ib le  to  d ec id e  w hether  th e  
a u d i to r y  s t im u l i  a t  th e  s id e  were b e in g  'b lo c k e d '  under th e s e  
c o n d i t io n s  o r  sim ply  n o t  b e in g  a l l o c a t e d  enough a t t e n t i o n  f o r  th e  
d i s c r i m in a t io n s  to  be made. In  e i t h e r  case  th e  c o n c lu s io n  must be 
t h a t  t h i s  a d d i t i o n a l  v i s u a l  s t im u lu s  den ied  p ro c e s s in g  c a p a c i ty  to  
th e  a u d i to r y  s t im u lu s  a t  th e  s id e  and im p l ie s  t h a t  v i s u a l  
in fo rm a t io n  has  some form o f  p r i o r i t y  f o r  th e  normal i n f a n t  a t  
th e se  a g es .  However b o th  experim en ts  do p o in t  to  th e  f a c t  t h a t  
even a t  f a i r l y  young ages t h e r e  i s  some ' s p a r e '  p ro c e s s in g  c a p a c i ty  
f o r  d e a l in g  w ith  th e  m u l t i -  modal, m u l t i - s t im u lu s  environm ent t h a t  
c o n s t i t u t e s  th e  r e a l  world f o r  th e  young i n f a n t .  They a r e  n o t  
bound to  th e  p ro c e s s in g  o f  a s i n g l e  o b j e c t  i n  a s i n g l e  m o d a l i ty .  
Obviously much f u r t h e r  work r e q u i r e s  to  be c a r r i e d  o u t  to  examine 
in  d e t a i l  th e  i n t e r a c t i o n  between th e  demands made by th e  p rim ary  
s t im u l i  and th e  d i s c r im in a t io n s  a b le  to  be made i n  th e  secondary  o r  
p e r ip h e r a l  s t im u l i  and how th e s e  r e l a t i o n s h i p s  change w ith  age .
In  Experiment 1 i t  was found t h a t  th e r e  was a t r e n d  f o r  i n f a n t s  
a t  a l l  th r e e  age l e v e l s  .(6, 9 and 12 months) to  show l e s s  and l e s s  
spontaneous o r i e n t a t i o n  to  a l a t e r a l l y  p re s e n te d  sound s t im u lu s  
over th e  co u rse  o f  th e  h a b i t u a t i o n  t r i a l s .  However th e  o ld e r  
i n f a n t s  were more l i k e l y  than  th e  younger i n f a n t s  to  o r i e n t  to  t h i s  
l a t e r a l  s t im u lu s .  The d a ta  f o r  Experiment 1 i s  shown i n  Tab le  2 .6  
(page 148). The co rresp o n d in g  d a ta  f o r  Experiment 2 i s  shown i n  
Table 3*10 (page 183). I t  can be seen  from th e se  t a b l e s  t h a t  t h e r e  
i s  a comparable age t r e n d  in  b o th  s t u d i e s  -  the  9 month o ld  b a b ie s
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a re  more l i k e l y  th an  th e  6 month o ld s  to  produce an a p p r o p r ia t e  
head tu rn .
The most s i g n i f i c a n t  f in d in g  i s  th e  d i f f e r e n c e  i n  th e  o v e r a l l  
l e v e l  o f  n o n -respond ing  between th e  two exp er im en ts .  In  th e  f i r s t ,  
th e  average  l e v e l  over  th e  s i x  t r i a l s  was 57 p e r c e n t  a t  6 months
and 23 p e rc e n t  a t  9 months, whereas i n  th e  second th e  v a lu e s  were
17 p e r c e n t  and 4 p e rc e n t  r e s p e c t i v e l y .  S im i la r ly ,  th e  mean la t e n c y  
v a lu e s  d u r in g  th e  f a m i l i a r i s a t i o n  t r i a l s  were s u b s t a n t i a l l y  f a s t e r  
i n  Experiment 2 -  12.13 seconds and 7*07 seconds a t  6 and 9 months 
compared to  22.45 and 15*44 in  Experiment 1. Thus th e  a d d i t i o n  o f  
a v i s u a l  component to  a l a t e r a l l y  p re s e n te d  a u d i to r y  s t im u lu s ,  
in c r e a s e s  th e  f requency  o f  spon taneous head tu r n in g ,  d e c re a se s  th e  
la te n c y  o f  such  o r i e n t a t i o n  and p re s e rv e s  b o th  th e  f requency  and 
th e  r a p i d i t y  o f  th e  re sp o n se  over  r e p e a te d  p r e s e n ta t i o n s .
Although i t  may be claimed t h a t  i n  th e  second experim ent th e
o r i e n t a t i o n  beh av io u r  was s o l e l y  to  th e  v i s u a l  s t im u lu s  t h e r e  a r e  
two rea so n s  why i t  should  be more p ro p e r ly  viewed as a re sp o n se  to  
b o th  m o d a l i t i e s .  F i r s t l y ,  t h e r e  was no sh a rp  s i g n i f i c a n t  d e c re a se  
in  l a te n c y  when th e  v i s u a l  s t im u lu s  a t  th e  s id e  was changed 
a l th o u g h  th e r e  was ev idence  o f  in c re a s e d  a t t e n t i o n  b e in g  p a id  to  
t h i s  new s t im u lu s  (see  F ig u re  3 f ,  page 177). S u b je c ts  were 
re s p o n s iv e  to  th e  change in  s t im u lu s  b u t  i t  was n o t  c o n t r o l l i n g  
t h e i r  speed o f  o r i e n t a t i o n .  Secondly , th e r e  was some ev idence  o f  
p ro c e s s in g  o f  th e  l a t e r a l  a u d i to r y  s t im u lu s  i n  th e  form o f  sm a l l  
in c r e a s e s  i n  f i x a t i o n  to  th e  s id e  and d e c re a se s  i n  a t t e n t i o n  to  th e  
c e n t r e  when th e  sound was changed, a l th o u g h  th e s e  were
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n o n s ig n i f i c a n t  (F igu re  3c ,  page 174). Obviously  th e r e f o r e  th e  
o r i e n t a t i o n  b ehav iou r  and a t t e n t i o n  seen  i n  Experiment 2 can i n  no 
way be viewed as sim ply  re sp o n se s  to  th e  a u d i to r y  s t i m u l i .  The 
p a t t e r n  o f  re sp o n ses  on a lm ost a l l  i n d i c e s ,  l a te n c y  to  th e  s id e ,  
t o t a l  f i x a t i o n  to  th e  s id e  and th e  number o f  s u b j e c t s  sp o n tan eo u s ly  
o r i e n t i n g  a p p r o p r i a t e l y  a r e  q u i t e  d i f f e r e n t  dependent upon th e  
p re sen ce  o r  absence  o f  th e  v i s u a l  s t im u lu s .  Thus th e  c o n c lu s io n  
proposed h e re  i s  t h a t  o r i e n t a t i o n  o r  l o c a l i s a t i o n  b eh av io u r  to  
l a t e r a l l y  p re se n te d  sounds i n  th e s e  age groups i s  n o t  s im ply  o r  
p r im a r i ly  an a u d i to ry  re s p o n s e ,  in  t h a t  i t  can be su p p o r ted  and 
enhanced by v i s u a l  s t im u la t io n .
I f  one had s o l e l y  based  o n e 's  co n c lu s io n s  about th e  sound 
l o c a l i s a t i o n  a b i l i t i e s  o f  b a b ie s  on th e  d a ta  from th e  h a b i t u a t i o n  
sequences o f  Experiment 1, in  p a r t i c u l a r  th e  number o f  s u b je c t s  
respond ing  a p p r o p r ia t e ly  to  th e  sound then  one would have s e v e r e ly  
u n d e re s t im a te d  t h e i r  a b i l i t i e s .  Only t h e i r  re sp o n se  to  th e  new 
a u d i to ry  s t im u lu s  a t t e s t s  to  th e  r a p i d i t y  and accu racy  o f  
l o c a l i s a t i o n  under th e s e  c o n d i t io n s .  However, much o f  th e  r e s e a r c h  
on such l o c a l i s a t i o n  has tak en  as  th e  p rim ary  m easure, th e  number 
o f  s u b j e c t s ,  o r  th e  number o f  t r i a l s  on which an in d i v id u a l  s u b j e c t  
responds a p p r o p r ia te l y  over a r e p e a te d  s e t  o f  p r e s e n t a t i o n s  w i th  
th e  s id e  on which th e  s t im u lu s  o ccu rs  b e in g  randomly s e l e c t e d .  
F urtherm ore , a l th o u g h ,  in  th e  m a jo r i ty  o f  th e s e  s tu d i e s  p r e c a u t io n s  
such as  low l i g h t  l e v e l s  and homogeneous v i s u a l  f i e l d s ,  a r e  ta k en  
to  ensu re  t h a t  t h e r e  i s  no s p e c i f i c  v i s u a l  s t im u lu s  lo c a te d  a t  th e  
same p la c e  a s  th e  a u d i to r y  s t im u lu s ,  i t  i s  im p o ss ib le  to  p re c lu d e  
s im u ltaneous  v i s u a l  p ro c e s s in g  by th e  i n f a n t s .  Comparison o f  th e
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r e s u l t s  o f  Experiment 1 and 2 su p p o r ted  by th o se  o f  Moore e t .  a l .  
(1975,1977) su g g e s t  t h a t  la c k  o f  s p e c i f i c  v i s u a l  s t im u la t io n  may 
a c t u a l l y  i n h i b i t  th e  p ro d u c t io n  o f  th e  l o c a l i s a t i o n  re sp o n se  o ver  
re p e a te d  s t im u la t io n  r a t h e r  th a n  enhance th e  measurement o f  i t s '  
o ccu rren c e .
This f i n a l  s e c t i o n  o f  th e  d i s c u s s io n  w i l l  c e n t r e  on w hether  
du r in g  th e  h a b i t u a t i o n  sequences  any ev idence  o f  a h ig h e r  l e v e l  o f  
i n t e g r a t i o n  e x i s t s .  S p e c i f i c a l l y ,  i n v e s t i g a t i n g  th e  h y p o th e s i s  
proposed i n  th e  I n t r o d u c t io n  o f  a s s o c i a t i v e  o r g a n i s a t io n  o f  
a u d i t io n  and v i s io n ,  had th e  i n f a n t s  i n  th e s e  two experim en ts  b u i l t  
up any e x p e c ta n c ie s  about th e  p a r t i c u l a r  p a i r i n g s  o f  th e  a u d i to r y  
and v i s u a l  s t im u l i  w ith  which th e y  had been p re s e n te d  d u r in g  th e  
f a m i l i a r i s a t i o n  t r i a l s ?
Only t h r e e  p u b l ish e d  s t u d i e s  p ro v id e  d a ta  which a l low s  one to  
a s s e s s  th e  degree  to  which c o o rd in a t io n  o f  a r b i t r a r i l y  p a i r e d
v i s u a l  and a u d i to r y  a t t r i b u t e s  o f  a s t im u lu s  sequence o ccu rs  o v e r
th e  t im e-sp an  o f  a l a b o ra to r y  s tu d y  and p ro v id e  com parison w i th  th e
experim en ts  r e p o r te d  h e r e .  In  th e  f i r s t  o f  th e s e ,  Spelke (1979) ,
th e  main aim was to  i n v e s t i g a t e  th e  r o l e  o f  tem pora l f a c t o r s  i n  
a u d i o - v i s u a l  i n t e g r a t i o n .  She p re s e n te d  4 month o ld  i n f a n t s  w i th  
c o lo u r  movie f i lm s  o f  a r b i t r a r y  p a i r i n g s  o f  moving o b je c t s  and 
concom itan t sounds. They were shown th e  f i lm s  s im u l ta n e o u s ly ,  s id e  
by s id e  w i th  th e  so u n d track  a p p r o p r ia t e  to  one o f  th e  moving 
o b je c t s  f o r  a p e r io d  o f  100 seconds and then  a f t e r  a 10 second 
i n t e r v a l  shown bo th  f i lm s  ag a in  w ith  th e  o th e r  so u n d tra c k .  This  
p e r io d  she termed th e  p r e f e r e n c e  s e s s io n ,  a f t e r  which t h e r e
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fo llo w ed  a t e s t  s e s s io n  which she c a l l e d  th e  s e a rc h  e p iso d e .  
During t h i s  th e  i n f a n t  was shown bo th  f i lm s  a g a in ,  b u t  w ith  th e  
so u n d track s  a l t e r n a t i n g  a t  5 second i n t e r v a l s .  The h y p o th e s i s  was 
t h a t  th e  i n f a n t s  would f i x a t e  th e  a c o u s t i c a l l y  s p e c i f i e d  f i lm .
Although Spelke assumed t h a t  h e r  experim ent was t e s t i n g  w hether  
i n f a n t s  could  d e t e c t  i n v a r i a n t  s t im u lu s  r e l a t i o n s h i p s  a c ro s s  
m o d a l i t i e s ,  in  t h i s  in s t a n c e  based  on tem pora l c h a r a c t e r i s t i c s ,  one 
could argue t h a t  a s t r i c t  G ibson ian  p o s i t i o n  would su g g e s t  t h a t  th e  
'p r e f e r e n c e '  s e s s io n  should  n o t  be r e q u i r e d  a t  a l l .  That i s  i f  th e  
i n f a n t s  can d e t e c t  th e se  i n v a r i a n t  s t im u lu s  p r o p e r t i e s  th e y  should  
be a b le  to  do so d u r in g  th e  ' s e a r c h '  ep iso d e  a lo n e ,  w ith o u t  th e  100
second f a m i l i a r i s a t i o n  s e s s io n .  The c r i t i c a l  p o in t  however i s  t h a t
one can view th e  'p r e f e r e n c e '  ep iso d e  as  a s o r t  o f  f a m i l i a r i s a t i o n  
p e r io d  d u r in g  which th e  i n f a n t  b u i l d s  up some bim odal
r e p r e s e n t a t i o n  o f  th e  s t im u lu s .  This c e r t a i n l y  seems to  be
S p e lk e 's  assum ption . S ince  th e  p a i r i n g s  o f  th e  s t im u l i  i n  each 
m o d a li ty  were a r b i t r a r y  -  toy  an im als  bouncing on a lawn a t  a 
p a r t i c u l a r  r a t e  and e i t h e r  a thump o r  gong as th e  a u d i to r y  
s t im u lu s ,  Spelke argued t h a t  any a s s o c i a t i o n  formed must be based  
on th e  tem pora l c h a r a c t e r i s t i c s  o f  th e  s t im u lu s  s tream  in  each 
m o d a l i ty .
The p re fe re n c e  e p iso d es  were o f  t h r e e  ty p e s  -  one where th e  
sound was sy n ch ro n ised  w ith  one o f  th e  o b je c t s  and had th e  same 
tempo (o r  r a t e ) ,  a second where th e  sound had th e  same tempo a s  one 
o f  the  f i lm s  b u t  sound and v i s i o n  were ou t o f  synchrony and a t h i r d  
c o n d i t io n  where th e  sound was synchronous and had an i d e n t i c a l
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tempo to  one o f  th e  f i lm s  and sha red  t h i s  tempo, h u t  was n o t  
synchronous w ith  th e  o th e r  f i lm .  Spelke reasoned  t h a t  i f  th e
in f a n t s  could  d e t e c t  th e  tem pora l ' i n v a r i a n t s '  a c ro s s  b o th  
m o d a l i t i e s  th e n  th ey  should  view th e  f i lm  s p e c i f i e d  by th e  
so u n d track ,  d u r in g  th e  p r e f e r e n c e  ep iso d e s  and d u r in g  th e  s e a rc h  
e p iso d e s .  From th e  p r e f e r e n c e  d a ta  th e r e  i s  v e ry  l i t t l e  ev idence  
f o r  such d i f f e r e n t i a l  f i x a t i o n .  Only in  th e  t h i r d  c o n d i t io n  was
th e r e  a s i g n i f i c a n t  e f f e c t  and even th en  i t  was s m a l l .  The 
a c o u s t i c a l l y  s p e c i f i e d  ev en t was viewed on ly  56 p e r c e n t  o f  th e
t o t a l  f i x a t i o n  tim e . F u r th e r  i n  t h i s  t h i r d  c o n d i t io n ,  n e i t h e r  
so u n d track  when an a ly se d  s e p a r a t e ly ,  dem onstra ted  s i g n i f i c a n t  
p r e f e r e n c e  f o r  th e  a p p r o p r ia t e  o b j e c t .  Only when th e  d a ta  were 
combined a c ro s s  th e  d i f f e r e n t  so u n d track  s e s s io n s  was th e r e  
d i f f e r e n t i a l  f i x a t i o n  o f  th e  f i lm s .
However, when th e  d a ta  from th e  s e a rc h  ep iso d e s  were examined, 
she found t h a t  i n f a n t s  s i g n i f i c a n t l y  d i r e c t e d  t h e i r  f i r s t  look  
towards th e  v i s u a l  s t im u lu s  te m p o ra l ly  r e l a t e d  to  th e  sound, even 
under  c o n d i t io n  2, where a l th o u g h  th ey  sha red  a common tempo they  
were n o t  synchronous. Thus th e  i n f a n t s  appeared  to  have d e t e c te d  
th e  common tem poral p r o p e r t i e s  a c ro s s  th e  m o d a l i t i e s  and r e l a t e d  
sound and v i s i o n  on t h a t  b a s i s .  However two q u e s t io n s  a r i s e  from 
t h i s .  F i r s t l y ,  why d id  th e  d i f f e r e n t i a l  lo o k in g  n o t  show up in  th e  
p re fe re n c e  d a ta ?  And, s eco n d ly ,  g iven  th e  r e s u l t s  o f  c o n d i t io n  2 
does t h i s  mean t h a t  in te r -m o d a l  synchrony i s  u n im p o rtan t?  The 
answer to  th e  second i s  no, n o t  n e c e s s a r i l y ,  i t  i s  p erhaps  a 
q u e s t io n  o f  deg ree .  I t  could  be th e  case  t h a t  Spelke a l th o u g h  
in t r o d u c in g  asynchrony d id  n o t  i n  f a c t  produce p e r c e p tu a l
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d i s r u p t i o n  o f  th e  c ross-m odal o n s e t s  and o f f s e t s .  R e c a l l in g  th e  
d i s c u s s io n  i n  th e  I n t r o d u c t io n  re g a rd in g  th e  a u d i to r y  c a p tu re  o f  
v i s u a l  tem pora l in fo rm a t io n  (Regan and S p e k r e i j s e ,  1979) -  where
p e rce iv ed  a u d i to r y  f l u t t e r  r a t e s  were d r iv e n  by v i s u a l  f l i c k e r  
r a t e s ,  t h i s  p o s s i b i l i t y  canno t be d is c o u n te d .  A nother experim en t 
in v o lv in g  d eg ree s  o f  synchronous and asynchronous s t im u l i  would be 
r e q u i r e d  to  answer t h i s .
The com para tive  la c k  o f  d i f f e r e n t i a l  f i x a t i o n  d u r in g  th e  
p r e fe re n c e  ep iso d e  i s  more d i f f i c u l t  to  e x p la in .  I t  could  be th e  
case  t h a t  v. i n f a n t s  d e te c te d  th e  i n v a r i a n t  tem pora l cues 
c ro s s -m o d a lly  and viewed th e  a p p r o p r ia t e  s t im u lu s  e a r l y  i n  th e  
f a m i l i a r i s a t i o n  sequence , became bored  and th en  sw itched  to  v iew ing  
th e  o th e r  v i s u a l  s t im u lu s .  A l t e r n a t i v e l y ,  pe rhaps  they  had f i r s t  
to  d e t e c t  th e  tem poral cues i n  each m o d a li ty  and f o r  each v i s u a l  
s t im u lu s  i n  tu r n ,  then  r e l a t e  them to g e th e r  and a s s o c i a t e  th e  
a p p r o p r ia te  v i s u a l  even t w ith  th e  a u d i to r y  sequence . Thus pe rhaps  
i t  was n o t  t i l l  tow ards th e  end o f  th e  f a m i l i a r i s a t i o n  sequence 
t h a t  th e  i n t e g r a t i o n  o f  th e  s t im u l i  o c c u rre d ,  too  l a t e  to  show up a 
s t ro n g  e f f e c t  i n  th e  f i x a t i o n  d a ta .  The a v a i l a b l e  d a ta  from th e  
p re fe re n c e  s e s s io n  su p p o r ts  t h i s  l a t t e r  h y p o th e s i s .  C o n d it io n s  1 
and 3 showed some s l i g h t  d i f f e r e n t i a l  f i x a t i o n  and th e r e f o r e  
a s s o c i a t i o n  whereas c o n d i t io n  2 (a rg u ab ly  a 'h a r d e r '  c o n d i t io n  due 
to  the  la c k  o f  synchrony) showed no d i f f e r e n c e  i n  f i x a t i o n  to  th e  
two f i lm s .  A s e q u e n t i a l  a n a l y s i s  o f  th e  p re fe re n c e  s e s s io n s  would 
have e l u c id a t e d  t h i s  q u e s t io n .  Yet a n o th e r  p o s s i b i l i t y  i s  t h a t  no 
a s s o c i a t i o n s  were formed d u r in g  th e  p r e fe re n c e  s e s s io n s  and t h a t  
th e  p o s i t i v e  ev idence  from th e  s e a rc h  e p iso d e s  a r e  th e  r e s u l t  o f
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some o th e r  f a c t o r .
The second s tu d y  i s  one c a r r i e d  o u t  by Lawson (1980) where she 
p re s e n te d  6 month o ld  i n f a n t s ,  w ith  a r b i t r a r i l y  p a i re d  s ig h t - s o u n d  
com binations  f o r  t h r e e  30 second f a m i l i a r i s a t i o n  t r i a l s .  The 
i n f a n t s  were p re s e n te d  w ith  an o b je c t  and sound under one o f  f o u r  
c o n d i t io n s .  The f i r s t  was sound and v i s i o n  congruen t b o th  
te m p o ra l ly  and s p a t i a l l y .  That i s  th e  o b je c t  moved in  tim e w ith  
th e  sound and th e  sound came from th e  same s p a t i a l  l o c a t i o n  as  th e  
o b j e c t .  In  th e  second th e  tem pora l c o n g ru i ty  was r e t a in e d  b u t  th e  
sound was d is p la c e d  90 d eg rees  to  th e  i n f a n t ' s  l e f t .  In  c o n d i t io n s  
th r e e  and fo u r ,  two forms o f  tem pora l in c o n g ru i ty  w e re ,d e v is e d .  In  
th e  t h i r d  th e  o b je c t  had a con t inuous  movement, b u t  th e  sound was 
p e r io d i c ;  i n  th e  f o u r th  th e  movement was p e r io d i c  and th e  sound 
c o n t in u o u s .  During th e  t e s t  t r i a l s  th e  i n f a n t s  were p re s e n te d  w i th  
two o b je c t s ,  one f a m i l i a r ,  t h a t  i s  th e  one p re s e n te d  d u r in g  th e  
f a m i l i a r i s a t i o n  t r i a l s  and a l s o  a novel o b j e c t ,  under two a u d i to r y  
c o n d i t io n s  -  one be ing  th e  f a m i l i a r  sound, th e  o th e r  b e in g  th e  
novel sound. The assum ption  was t h a t  i f  th e  i n f a n t s  had a s s o c i a t e d  
th e  o b je c t  and n o is e  d u r in g  th e  f a m i l i a r i s a t i o n  t r i a l s  th e n  t h i s  
should be r e f l e c t e d  in  th e  t e s t  t r i a l s  by d i f f e r e n t i a l  f i x a t i o n  to  
th e  novel and f a m i l i a r  o b je c t  under  th e  two sound c o n d i t i o n s .
However, th e  r e s u l t s  were d i s a p p o in t in g  and e q u iv o c a l .  F i r s t l y ,
some a s p e c t s  o f  th e  a n a l y s i s  a r e  p u z z l in g .  For example th e y  used
two d i f f e r e n t  p a i r s  o f  o b j e c t s  and sounds, each s u b j e c t  b e in g  
p re se n te d  w i th  b o th  p a i r s ,  b u t  w ith  P a i r  B always be ing  p r e s e n te d  
a f t e r  P a i r  A. However, a l th o u g h  th e  d a ta  was an a ly sed  f o r  each 
p a i r  s e p a r a t e ly  and a l s o  f o r  th e  mean d a ta  a c ro s s  p a i r s  th e y  were
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never  c o n s id e re d  as  an independen t f a c t o r  i n  th e  o v e r a l l  a n a l y s i s  
o f  v a r ia n c e .  Fu rtherm ore ,  a l th o u g h  each experim ent was a 
com ple te ly  r e p e a te d  measures d e s ig n ,  on two o c c a s io n s  because  o f  
s u b j e c t  f a i l u r e  to  com plete  one o r  o th e r  h a l f  o f  th e  experim en t,  
t h a t  i s  e i t h e r  P a i r  A o r  P a i r  B, th e  combined d a ta  in c lu d e s  v a lu e s  
ach ieved  by ta k in g  th e  mean v a lu e  a c ro s s  two d i f f e r e n t  s u b je c t s .
Secondly , th e  r e s u l t s  them se lves  d id  n o t  p ro v id e  s t r o n g  su p p o r t  
f o r  th e  h y p o th e s i s  t h a t  th e  s u b j e c t s  had formed m u lti-m oda l 
r e p r e s e n t a t i o n s  o f  th e  f a m i l i a r i s e d  o b je c t s  and sounds. Even under 
th e  optimum c o n d i t io n s  o f  Experiment 1, w ith  s p a t i a l  and tem pora l 
c o n g ru i ty ,  n e i t h e r  o f  the  in d i v id u a l  p a i r s  produced s i g n i f i c a n t l y  
s t r o n g e r  p r e f e r e n c e  f o r  th e  f a m i l i a r  o b je c t  over  th e  novel o b je c t  
under  th e  f a m i l i a r  sound th an  under  th e  nove l sound. There was 
however a sm all  b u t  s i g n i f i c a n t  e f f e c t  when th e  r e s u l t s  were 
combined over b o th  p a i r s  o f  o b j e c t s .  Not s u r p r i s i n g l y  th e n  th e  
i n f a n t s  d id  n o t  show ev idence  o f  i n t e g r a t i o n  when th e  sound was 
d i s p la c e d  from th e  o b je c t  d u r in g  th e  second f a m i l i a r i s a t i o n  
c o n d i t io n .  C o n d it io n  3 showed s i g n i f i c a n t  e f f e c t s ,  i n  th e  
p r e d ic te d  d i r e c t i o n ,  f o r  one o f  th e  p a i r s  o f  o b j e c t s  b u t  n o t  th e  
o th e r ,  and c o n d i t io n  4 r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e s  a t  a l l .  
Lawson's c o n c lu s io n  was t h a t  s p a t i a l  c o lo c a t io n  p la y s  an im p o r ta n t  
r o l e  i n  a u d io - v i s u a l  i n t e g r a t i o n ,  bu t t h a t  th e  r o l e  o f  tem pora l 
f a c t o r s  i s  more p ro b le m a t ic .
The t h i r d  s tu d y  and th e  one most c l o s e l y  r e l a t e d  to  th e  d e s ig n s  
o f  Experim ents 1 and 2, was t h a t  conducted by Lyons-Ruth (1977) .  
She f a m i l i a r i s e d  4 month o ld  i n f a n t s  w i th  a sounding o b je c t  and
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th e n  p re s e n te d  th e  sound l a t e r a l l y ,  p a i r e d  e i t h e r  w ith  th e  same 
o b je c t  o r  w ith  a novel o b j e c t .  She found t h a t  i n f a n t s  p re s e n te d  
w ith  th e  mismatched p a i r  looked away from th e  o b je c t  more o f t e n  
th a n  d id  i n f a n t s  p r e s e n te d  w ith  th e  f a m i l i a r  sound and o b j e c t .  
Comparisons o f  th e s e  i n f a n t s  w ith  two c o n t r o l  groups g iven  th e  same 
p rocedu re  b u t  w ith o u t th e  a u d i to r y  s t im u lu s  le d  h e r  to  conclude
t h a t  i n f a n t s  from t h i s  age a r e  capab le  o f  c o n s t r u c t in g  bim odal
r e p r e s e n t a t i o n s  o f  s t i m u l i .  She reasoned  t h a t  th e  g r e a t e r  number 
o f  looks  away, which a l s o  im p l ie s  a g r e a t e r  number o f  looks  
tow ards ,  th e  novel s t im u lu s ,  i n d i c a t e s  e i t h e r  v i s u a l  s e a rc h  f o r  th e  
f a m i l i a r  s t im u lu s  o r  ' a v e r s io n  to  c o n f l i c t '  s i m i l a r  to  t h a t  
su g g es ted  by Bower and P a te rs o n  (1973) or  Aronson and Rosenblum
(1971). However, th e r e  was no r e l i a b l e  e f f e c t  on th e  o v e r a l l  l e v e l  
o f  v i s u a l  a t t e n t i o n  p a id  under th e  two ex p e r im e n ta l  c o n d i t i o n s .  
Both o b je c t s  were looked a t  an e q u iv a le n t  amount o f  t im e . In  f a c t  
th e r e  was no su g g e s t io n  o f  any in c r e a s e  i n  f i x a t i o n  to  th e  new 
v i s u a l  o b je c t  i n  th e  ex p e r im e n ta l  c o n d i t io n s  as  would be p r e d i c t e d  
from t r a d i t i o n a l  h a b i tu a t i o n  s t u d i e s ,  where th e  v i s u a l  s t i m u l i  had 
been d i s c r im in a te d  from one a n o th e r  (F an tz ,  1964; McGurk, 1970;
C o r n e l l , 1974). This s tu d y  h i g h l i g h t s  one o f  th e  r e c u r r i n g  problem s 
t h a t  b e s e t  th e  i n v e s t i g a t o r  o f  a u d io -v i s u a l  c o o rd in a t io n  i n  e a r l y  
in fa n c y ,  namely th e  re sp o n se  measure used and th e  i n t e r p r e t a t i o n  
p laced  upon i t  a s  an i n d i c a t o r  o f  c e n t r a l  p ro c e s s in g .  This  has  
a l re a d y  been m entioned w ith  r e s p e c t  to  eye and head o r i e n t a t i o n  as  
i n d i c a t o r s  o f  sound l o c a l i s a t i o n ,  b u t  h e re  th e  problem a r i s e s  w ith  
m easures w ide ly  acc ep ted  as  i n d i c a t o r s  o f  a u d i to ry  and v i s u a l  
p ro c e s s in g ,  namely th e  d u r a t i o n  and f requency  o f  v i s u a l  a t t e n t i o n .  
The d i f f i c u l t y  i n  th e  Lyons-Ruth s tu d y  i s  t h a t  d i f f e r e n t  re sp o n se
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measures seem c o n t r a - i n d i c a t i v e .  That i s  , th e r e  i s  no ev idence  
from th e  e x p e r im e n ta l  groups o f  d i s c r i m in a t io n  o f  th e  v i s u a l  
s t im u l i  on one m easure , d u r a t io n  o f  f i x a t i o n ,  h u t  p o s i t i v e  ev idence  
on a n o th e r ,  t h a t  i s  th e  number o f  f i x a t i o n s .  The second problem 
a r i s e s  w ith  th e  i n t e r p r e t a t i o n  o f  th e  number d a ta  -  do th e  more 
looks  away to  th e  nove l o b j e c t ,  remembering t h a t  t h i s  a l s o  im p l ie s  
more looks  tow ards , i n d i c a t e  v i s u a l  s e a rc h  f o r  th e  o r i g i n a l  o r  mere 
d i s c r i m in a t io n  o f  th e  two o b je c t s .
Both Experim ents  1 and 2 o f  th e  p r e s e n t  s tu d y  g iv e  u n eq u iv o ca l  
ev idence  o f  d i s c r i m in a t io n  o f  th e  c e n t r a l l y  p re se n te d  v i s u a l  
s t im u l i  on th e  d u r a t io n  o f  f i x a t i o n  p e r  t r i a l .  The same 
c o n c lu s io n s  a r i s e  even i f  one examines th e  f i r s t  f i x a t i o n  p e r  
t r i a l .  The number o f  f i x a t i o n s  however, show a s l i g h t l y  d i f f e r e n t  
p a t t e r n  from t h a t  expec ted  from th e  Lyons-Ruth d a ta .  When th e  l a s t  
f a m i l i a r i s a t i o n  t r i a l  -  T6 i s  compared w ith  T7 -  the  v i o l a t i o n  
t r i a l ,  under  c o n d i t io n  3 o f  Experiment 1 t h e r e  was a s i g n i f i c a n t  
e f f e c t  f o r  T r i a l s  on b o th  th e  number o f  f i x a t i o n s  to  th e  c e n t r e  
s t im u lu s  (F= 5*238; d . f .= 1 ,2 7 ;  p<0.05) and to  th e  s id e  s t im u lu s
(F= 9*257; d . f .= 1 ,2 7 ;  p < 0 .0 l ) .  However, th e  e f f e c t s  were such
t h a t  th e r e  were fewer f i x a t i o n s  on T7 than  on T6, 4*07 v e r s u s  5*03 
f o r  th e  c e n t r e  s t im u lu s  and 0 .67  v e r s u s  1.37 f o r  th e  s id e  s t im u lu s .  
In  th e  comparable c o n d i t io n  i n  Experiment 2, t h a t  i s  change from 
one fa c e  to  a n o th e r ,  t h e r e  were a g a in  s i g n i f i c a n t  e f f e c t s  f o r  
T r i a l s  bo th  f o r  c e n t r e  (F= 15*196; d . f .= 1 ,1 8 ;  p< 0 .0 1 ) and s id e
(F= 7*729; d . f . = 1 ,18; p<0.05) f i x a t i o n s ,  w ith  th e  r e s p e c t iv e  mean
v a lu e s  f o r  T6 and T7 be ing  4*0 v e rs u s  5*55 and 1 .7  v e rs u s  3*2. 
There i s  no ev idence  th e r e f o r e  o f  a v e r s io n  to  any o f  th e  s t i m u l i  o r
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visual search for the original. Although the number of fixations 
decreases to the new face, the average length of each fixation goes 
up. The interpretation favoured here is that the decrease in the 
number of fixations reflects a capture of attention and increased 
processing of the new stimulus.
The question remains therefore of the extent to which 
expectancies about the pairings of audio-visual stimuli will be 
built up over the relatively short duration of a laboratory 
experiment. The implicit assumption in most studies has been that 
violation of the pairing should produce disruption in the infant's 
behaviour if the stimulus event had been represented in a 
multi-modal manner. From the few studies which have been carried 
out, including those described here, the only disruption in 
behaviour, that is changes in visual attention, have been similar 
to those produced by changes in uni-modal stimuli. There was no 
evidence of 'distress' from the infants in either experiment 
dependent upon the stimulus changes. Thus logically it has been 
impossible to differentiate as to whether the infant processes each 
modality, independently or integratively. Certainly if bimodal
expectancies regarding objects are being constructed then the
results of previous research (Lyons-Ruth, 1977; McGurk, 1977) and 
the present experiments suggest that they are of a highly general 
kind. That is that faces are generally to be found at the loci of 
speech stimuli, but not that particular faces are associated with 
particular voices. This conclusion only really applies to the 
generation of multi-modal representations over the comparatively
short history of the laboratory experiment. It remains to be seen
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w hether,  and to  what e x t e n t  th e  same c o n c lu s io n  a p p l i e s  to  more 
f a m i l i a r  and s a l i e n t  o b j e c t s  w i th in  th e  young c h i l d ' s  env ironm ent. 
In  t h i s  c o n n ec t io n  t h e r e f o r e  a more adequa te  t e s t  o f  th e  i n f a n t ' s  
c a p a b i l i t i e s  might be w i th  s o c i a l  s t im u l i  which have t h e i r  a u d i to r y  
and v i s u a l  components p a i r e d  in  some n o n - a r b i t r a r y  f a s h io n .  This 
c o rresponds  to  t e s t i n g  th e  h ig h e r  l e v e l s  o f  i n t e g r a t i o n  where th e  
q u a l i t y  o f  th e  s t i m u l a t i o n  i n  one m o d a li ty  p ro v id e s  in fo rm a t io n  
about th e  q u a l i t y  o f  th e  s t im u la t io n  to  be expec ted  in  th e  o th e r .  
This  a s p e c t  o f  a u d io - v i s u a l  i n t e g r a t i o n  w i l l  be tak en  up i n  th e  
n e x t  c h a p te r .
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CHAPTER FIVE
THE INFLUENCE OF A VOICE ON THE DISTRIBUTION 
OF VISUAL ATTENTION TO TWO FACES -  EXPERIMENT 3*
In trod u ction
The f i r s t  two experim en ts  dem onstra ted  t h a t  from s ix  months 
onwards, th e r e  i s  some form o f  n o n -independen t p ro c e s s in g  o f
s im u l ta n e o u s ly  p re s e n te d  a u d i t o r y - v i s u a l  s t i m u l i ,  in  t h a t  th e
p re sen ce  o r  absence o f  a v i s u a l  s t im u lu s  e f f e c t e d  d i f f e r e n c e s  i n  
th e  p ro c e s s in g  o f  th e  a u d i to r y  s t im u lu s .  However, th e r e  was no
ev idence  from th e  re sp o n ses  to  th e  changes made to  th e  f r o n t a l  
s t im u lu s  i n  Experiment 1 o r  th o se  made to  th e  changes to  b o th  th e  
f r o n t a l  and l a t e r a l  s t im u l i  i n  Experiment 2 to  su g g es t  t h a t  th e  
in fo rm a t io n  from th e  two m o d a l i t i e s  was in t e g r a t e d  a t  any l e v e l
h ig h e r  than  th e  mere e x p e c ta t io n  o f  a v i s u a l  s t im u lu s  upon r e c e i p t  
o f  a u d i to ry  s t im u la t i o n .  That i s  any a s s o c i a t i v e  i n t e g r a t i o n  o f  
th e  m o d a l i t i e s  was a t  b e s t  o f  a v e ry  g e n e ra l  n a tu r e .  Behaviour 
consequen t upon v i o l a t i o n  o f  th e  sequence was no d i f f e r e n t  from 
t h a t  which would have been p r e d ic te d  from the  same v i o l a t i o n s  
in t ro d u c e d  in  a uni-m odal experim en t.  The im p l i c a t io n  i s  t h e r e f o r e  
t h a t  any m ulti-m oda l e x p e c ta n c ie s  g e n e ra te d  over  th e  e x p e r im e n ta l  
p e r io d  were o f  a n o n - s p e c i f i c  n a tu r e .
Although th e  n e c e s s i t y  f o r  i n t e g r a t i n g  a u d i to r y  and v i s u a l  
in fo rm a t io n  a c ro s s  m o d a l i t i e s  i s  a g e n e ra l  one in  t h a t  many s t i m u l i  
i n  th e  n a t u r a l  environm ent g e n e ra te  bo th  ty p e s  o f  in fo rm a t io n ,  i t  
could be argued t h a t  th e  com binations  p re s e n te d  in  th e  experim en ts  
so f a r  d isc u se d  have been s l i g h t l y  ' u n n a t u r a l ' .  With re g a rd  to  th e  
speech  and face  s t im u lu s ,  th e r e  was no ev idence  o f  d i s c r i m in a t io n  
o f  th e  two fem ale v o ic e s ,  thus  s in c e  th ey  were e f f e c t i v e l y  
e q u iv a le n t  th e re  could  by d e f i n i t i o n  be no v i o l a t i o n  o f  any
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expectancy generated by the face and voice stimuli on the change of 
voice. Examining the rhythm and design stimuli it could be the 
case that since this was essentially an arbitrary sight-sound 
pairing the length of the experimental period did not allow the
infant to integrate the information across both modalities and
construct a bimodal representation of the stimulus event. Both of 
these difficulties could be overcome by using stimuli which have 
non-arbitrary audio-visual features, of which the infant is likely 
to have some general experience and also where the auditory and 
visual elements have potential variation known or likely to be 
discriminable by the young infant.
The face-voice combination is obviously one of the most 
prominent sight-sound configurations in the young infant's world 
and thus should provide appropriate stimuli. The question we are 
asking with respect to associative organisation of the senses is 
what aspects of information in each modality generate expectancies 
for particular types of information in the other modality. The
previous chapters have already considered the spatial
characteristics important in the derivation of integrative 
processing; we now wish to consider what the featural aspects of 
the stimuli contribute. In the terms used in the Introduction to 
what extent are the associative dependencies integrated. Four 
studies have examined infant auditory-visual integration where 
non-arbitrary bimodal stimulus combinations have been used.
In  th e  f i r s t  o f  th e se  Cohen (1974) p re s e n te d  e i t h e r  matched o r  
mismatched a u d i t o r y - v i s u a l  s t im u l i  to  f i v e  and e ig h t  month o ld
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infants. The match/mismatch conditions were' designed such that 
each infant sat facing, and equidistant from his mother and a 
female stranger. Each adult had a loudspeaker at one shoulder and 
one or other pre-recorded voice was presented over one of the 
speakers. Thus the child experienced four conditions - mother 
speaking with mother's voice, mother speaking with stranger's
voice, stranger with mother's voice and stranger with stranger's 
voice. Her dependent measure was the amount of visual fixation to 
each person during each of the experimental conditions. The only- 
significant result was that eight month old girls had shorter first 
fixations to incongrous or mismatched stimuli than to matched 
stimuli, and this only on the first presentation. On the second 
presentation of the procedure there were no significant effects of
the congruity of the stimuli in either age group for any of the
fixation measures. The general conclusion was that by eight 
months, some infants have formed a concept of 'mother' which 
integrates her auditory and visual attributes. This conclusion, 
however, weak as it is, does not appear justified on closer
examination of the study. Since the experiment was carried out 
'live', both models were instructed to mime and synchronise their 
lip movements to the pre-recorded speech. No assessment was made 
of the adequacy of this lip synchronisation. Thus there was the 
possibility of temporal incongruity even under the matched stimulus 
conditions. There was also no control over the facial expressions 
and other nonverbal signals that might have been differentially 
presented by the two models. Secondly, the rationale of the 
experiment depends on the assumption that the infant requires 
spatial congruity of the auditory and visual information to
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i n t e g r a t e  them. I t  i s  w e l l  known bo th  a n e c d o ta l ly  and
e x p e r im e n ta l ly  t h a t  a d u l t s  l o c a l i s e  speech  sounds a t  th e  lo c u s  o f  
an a p p r o p r ia te  v i s u a l  s t im u lu s  even when t h a t  i s  s p a t i a l l y  
d is p la c e d  ( c . f .  cinema v iew ing and s tu d ie s  by S t r a t t o n ,  1897;
P ick ,  1970; Radeau and B e r te ls o n ,  1977,1978). The i n f a n t s  could  
w e l l  have been e x p e r ie n c in g  th e  same v i s u a l  c a p tu re  under th e  
mismatched c o n d i t io n s  and th u s  p roduc ing  no d i f f e r e n c e s  i n  th e  
observed v i s u a l  b ehav iou r  between th e  congrous and incong rous  
s i t u a t i o n s .  A lthough i t  was p re v io u s ly  thought t h a t  s p a t i a l  
d i s l o c a t i o n  o f  th e  m o th e r 's  f a c e  and v o ic e  produced d i s t r e s s  i n  th e  
c h i ld  (Aronson and Rosenblum, 1971) more r e c e n t  s tu d i e s  have f a i l e d  
to  r e p l i c a t e  t h i s  f in d in g  (McGurk and Lewis, 1974; Condry, 
Haltom and N e is s e r ,  1977)* Thus th e  im portance o f  s p a t i a l  
c o o rd in a t io n  rem ains open, b u t  th e r e  i s  no ev idence  to  su g g e s t  t h a t  
such c o lo c a t io n  i s  n e c e s s a ry  f o r  in te r -m o d a l  i n t e g r a t i o n .
The m ajor c r i t i c i s m  o f  t h i s  s tu d y  must be t h a t  even i f  i t  had 
shown l a r g e  and c o n s i s t e n t  d i f f e r e n c e s  i n  f i x a t i o n  to  th e  congrous 
and incongruous s t im u l i  i t  would s t i l l  n o t  have been c l e a r  on what 
b a s i s  th e  d i f f e r e n t i a t i o n  was ach ieved  o r  how i t  c o n t r i b u t e s  to  th e  
g e n e ra l  d eb a te  conce rn ing  in te r -m o d a l  c o o rd in a t io n .  The c h i l d ' s  
m other i s  o b v io u s ly  a h ig h ly  s a l i e n t  o b j e c t  i n  th e  i n f a n t ' s  
p e r c e p tu a l  w orld . Given th e  r e l a t i v e  im m atu rity  o f  th e  human 
i n f a n t  i t  could be argued t h a t  th e r e  i s  e v o lu t io n a ry  a d a p t a b i l i t y
in  th e  n eona te  b e in g  equipped to  l e a r n  about immediate c a r e t a k e r s
from as much in fo rm a t io n  as  p o s s i b l e ,  t h a t  i s  t h a t  th e  i n f a n t ' s  
mother has some form o f  p r iv i l e g e d  ' s t a t u s ' .  Thus to  show th e  
young i n f a n t  to  have a m ulti-m odal r e p r e s e n t a t i o n  o f  i t s  m other i s
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n o t n e c e s s a r i l y  p a r t i c u l a r l y  in fo rm a t iv e  about th e  c h i l d ’s
r e p r e s e n t a t i o n  o f  th e  r e s t  o f  th e  s o c i a l  and p h y s ic a l  environm ent
u n le s s  i t  could be dem onstra ted  t h a t  t h i s  r e p r e s e n t a t i o n  was a 
p r e c u r s o r  to  more g e n e ra l  i n t e g r a t i o n  o f  th e  sen so ry  system s. What 
i s  im p o r ta n t  i s  th e  g e n e r a l i s a t i o n  o f  t h i s  a b i l i t y  to  c o o rd in a te  
d i f f e r e n t  m o d a l i t i e s  a c ro s s  a v a r i e t y  o f  s t im u l i  and s i t u a t i o n s .  
The n e x t  two s tu d ie s  a t te m p t to  s tu d y  t h i s  g e n e r a l i s a t i o n .
Lasky, K le in  and M artinez  (1974) in  a s tu d y  w ith  s i x  month o ld  
Guatemalan i n f a n t s ,  p re s e n te d  p a i r s  o f  pho tographs  o f  f a c e s ,  e i t h e r  
a man and a woman, a man and a c h i ld  o r  a woman and a c h i ld  w i th  a 
v o ic e  a p p r o p r ia te  to  one o r  o th e r  o f  th e  pho tographs f o r  two
m inu tes  and then  th e  v o ic e  a p p r o p r ia t e  to  th e  o th e r  f o r  a f u r t h e r
two m in u te s .  On th e  b a s i s  o f  th e  p ro p o r t io n  o f  tim e s p e n t  lo o k in g  
a t  th e  f a c e  a p p r o p r ia te  to  th e  sound b e ing  p re s e n te d  they  concluded  
t h a t  f i x a t i o n  to  th e  woman and c h i ld  was in f lu e n c e d  by p r e s e n t a t i o n  
o f  one o f  th e  v o ic e s .  However, th e r e  was no ev id en ce ,  under e i t h e r  
o f  the  o th e r  p a i r i n g s ,  m an /ch ild  o r  man/woman to  i n d i c a t e  s e l e c t i v e  
v i s u a l  a t t e n t i o n  acc o rd in g  to  th e  v o ic e  s t im u lu s .  Although th e y  
had p re v io u s ly  e s t a b l i s h e d ,  u s in g  a p a i re d  com parison te c h n iq u e  
t h a t  th e  v i s u a l  s t im u l i  were d is c r im in a b ly  d i f f e r e n t ,  no a t te m p t  
was made to  tak e  account o f  any d i f f e r e n t i a l  a t t r a c t i v e n e s s  f o r  
each o f  the  f a c e s  i n  th e  main a n a l y s i s .  Furtherm ore  on ly  th e  f i r s t  
tw enty  seconds o f  each two m inute v o ic e  p r e s e n ta t i o n  was used  in  
th e  a n a l y s i s ,  w ith  no e x p la n a t io n  g iven  to  j u s t i f y  t h i s  p ro c e d u re .  
Thus as  w ith  th e  Cohen s tu d y ,  even t h i s  sm a ll  p o s i t i v e  ev id en ce  f o r  
a u d i o - v i s u a l  c o o rd in a t io n  must be t r e a t e d  w ith  some c a u t io n .
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The t h i r d  s tu d y  took a s l i g h t l y  d i f f e r e n t  approach  to  exam ining 
t h i s  problem. Spelke (1976) p r e s e n te d  fo u r  month o ld  i n f a n t s ,  i n  a 
p a i re d  v i s u a l  p re fe re n c e  paradigm, w ith  two m otion p i c t u r e  f i lm s ,  
s im u l ta n e o u s ly  p r o je c te d  s id e  by s id e .  One showed a woman p la y in g  
'p eek ab o o 1, co v er in g  and unco v er in g  h e r  f a c e  w ith  h e r  hands ,  and 
th e  o th e r ,  a hand h o ld in g  a wooden hammer which r e p e a te d ly  s t r u c k  a 
wooden b lock  and tam bourine . Each baby saw th e  p i c t u r e s  f i r s t  w ith  
one so u n d track  and th en  th e  o th e r .  She r e p o r t s  t h a t  o v e r a l l  th e r e  
were no s id e  o r  f i lm  p r e f e r e n c e s .  Mean p ro p o r t io n  o f  f i x a t i o n  to  
th e  f i lm  a p p r o p r ia te  to  th e  s o u n d track  was 0 .6 4 ,  s i g n i f i c a n t l y  
above chance. However, f u r t h e r  exam ina tion  o f  th e  sound c o n d i t io n s  
s e p a r a t e ly  r e v e a le d  t h a t  th e  p r o p o r t io n  o f  f i x a t i o n  to  th e  sound 
r e l a t e d  f i lm  was 0 .74  f o r  th e  'peekaboo ' so u n d track  b u t  o n ly  0 .56  
f o r  th e  music c o n d i t io n .  Thus th e  r e s u l t s  can be summarised by 
say in g  t h a t  th e  b a b ie s  p redom inan tly  viewed th e  fa c e  when th e  v o ic e  
was p re s e n te d  bu t looked a t  e i t h e r  f i lm  when th e  music was th e  
a u d i to r y  s t im u lu s .
A r e p l i c a t i o n  o f  th e  s tu d y  w ith  a f u r t h e r  e ig h t  i n f a n t s  found 
no d i f f e r e n c e  between th e  c o n d i t io n s  w ith  mean p ro p o r t io n s  to  th e  
sound r e l a t e d  f i lm  o f  0 .69  f o r  th e  'p eekaboo ' c o n d i t io n  and 0 .6 8  
f o r  th e  music c o n d i t io n .  The only  d i f f e r e n c e  in  p rocedu re  between 
th e  f i r s t  and second experim en ts  was t h a t  i n  th e  f i r s t ,  th e  
l e f t / r i g h t  p o s i t i o n  o f  th e  f i lm s  was changed d u r in g  th e  second 
s e s s io n ,  f o r  h a l f  th e  s u b j e c t s ,  whereas i n  th e  second experim en t 
t h e r e  was no change a c ro s s  s e s s i o n s .  Spelke t e n t a t i v e l y  s u g g e s ts  
t h a t  th e  i n f a n t s  were a l re a d y  aware o f  th e  in te r -m o d a l  r e l a t i o n s h i p  
between v o ic e  and f a c e ,  p r i o r  to  th e  experim en t ,  bu t t h a t  th e
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i n t e g r a t i o n  between th e  music and th e  o th e r  f i lm  r e q u i re d  d is c o v e ry  
o f  th e  in te r -m o d a l  r e l a t i o n s h i p .  Changing th e  s p a t i a l  p o s i t i o n s  o f  
th e  f i lm s  d i s ru p te d  t h i s  d is c o v e ry  in  th e  f i r s t  experim en t.
This s tu d y  does p ro v id e  much s t r o n g e r  ev idence  th a n  th e  
p re v io u s  two f o r  a u d i o - v i s u a l  i n t e g r a t i o n  o f  f e a t u r e s  n o t  based  on 
s p a t i a l  p a ra m e te rs .  I t  i s  i n t e r e s t i n g  to  n o te  i n  t h i s  c o n t e x t ,  
t h a t  th e  s p a t i a l  in fo rm a t io n  accorded  by th e  sound was p o t e n t i a l l y  
ambiguous, t h a t  i s  i t  d id  n o t  emanate from th e  lo c u s  o f  e i t h e r  
f i lm .  There must t h e r e f o r e  have been e i t h e r  some com pensation  o r  
r e c a l i b r a t i o n  o f  t h i s  d i s c r e p a n t  in fo rm a t io n .  A l t e r n a t i v e l y ,  i t  
was n o t  n o t i c e d  by th e  i n f a n t ,  o r  e l s e  n o t i c e d  and ig n o re d .  There 
was c e r t a i n l y  no ev idence  o f  ' d i s t r e s s '  o r  u p s e t  on th e  p a r t  o f  th e  
i n f a n t s  consequent upon t h i s  d i s c o rd a n t  p r e s e n ta t i o n .  I t  i s  s t i l l  
n o t  c l e a r  hwowever on what b a s i s  th e  i n f a n t s  were s e l e c t i v e l y  
v i s u a l l y  a t t e n d in g .  No d e t a i l s  a r e  g iven  in  th e  paper abou t th e  
d i f f e r e n c e s  i n  rhythm between th e  d i f f e r e n t  m otion p i c t u r e s .  I t  i s
c o n ce iv ab le  t h a t  f i x a t i o n  was b e in g  c o n t r o l l e d  n o t  by th e
correspondence  between f a c e s  and v o ic e s  b u t by th e  synchrony 
between th e  a u d i to r y  and v i s u a l  e v e n ts ;  t h a t  i s  which s t im u lu s
e x h i b i t s  changes a t  th e  same tim e as  th e  a u d i to r y  e v e n t s .  For
example A llen  e t .  a l .  (1977) have found p h y s io lo g i c a l  ev idence  
t h a t  7 month o ld  i n f a n t s  can d e t e c t  e q u iv a le n c e s  i n  tem pora l  
s e q u e n t i a l  in fo rm a t io n  a c ro s s  v i s i o n  and h e a r in g .  A lthough 
S p e lk e 's  (1979) own s tu d y  o f  th e  im portance  o f  tem poral p a ra m e te rs  
was n o t  c o n c lu s iv e ,  th e r e  i s  some b e h a v io u ra l  ev idence  t h a t  they  
a r e  o p e r a t iv e  i n  a u d io -v i s u a l  c o o rd in a t io n .  Thus even S p e lk e 's  
(1976) experim en ts  le a v e  open to  s p e c u la t io n  th e  im portance  o f
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q u a l i t a t i v e  f e a t u r e s  i n  a u d io -v i s u a l  r e l a t i o n s h i p s .
In  a f u r t h e r  i n v e s t i g a t i o n  o f  a s o c i a t i v e  dependence Spelke and 
Owsley (1979) m onito red  i n f a n t s '  f i x a t i o n s  to  t h e i r  own p a r e n t s  
under two a u d i to r y  c o n d i t io n s .  Each i n f a n t  was s e a te d  w ith  b o th  
p a re n t s  i n  view, and an an g le  o f  s e p a r a t i o n ,  from th e  i n f a n t ' s  
p o s i t i o n  o f  app ro x im a te ly  60 d e g re e s .  In  th e  f i r s t  c o n d i t io n  th ey  
hea rd  th e  ta p e - re c o rd e d  v o ic e  o f  one o f  th e  p a r e n t s ,  from a 
p o s i t i o n  midway between th e  two, f o r  e ig h t  seconds and th e n  th e  
v o ic e  o f  th e  second p a re n t  f o r  a f u r t h e r  e ig h t  seconds . S ix te e n  
v o ic e  p r e s e n t a t i o n s  were g iven  i n  a random o rd e r .  The p a r e n t s  were 
i n s t r u c t e d  to  rem ain m o t io n le ss  and to  t r y  n o t  to  a t t r a c t  th e  
b a b y 's  a t t e n t i o n .  Thus i n  t h i s  c o n d i t io n  th e r e  was b o th  s p a t i a l  
and tem pora l incongruence  between sound and v i s i o n .  Thus i f  th e  
i n f a n t s  looked towards th e  a p p r o p r ia te  fa c e  when a p a r t i c u l a r  v o ic e  
was p layed  th ey  must have formed a r e p r e s e n t a t i o n  o f  t h e i r  p a r e n t s  
t h a t  in c lu d e d  t h e i r  f a c i a l  f e a t u r e s  and v o ic e  c h a r a c t e r i s t i c s ,  t h a t  
i s  modal s p e c i f i c  in fo rm a t io n .  The second c o n d i t io n  was a l i v e  
vo ic e  c o n d i t io n  where each p a re n t  took i t  i n  tu r n  to  a c t u a l l y  speak  
to  th e  i n f a n t ,  th u s  th e r e  was s p a t i a l  and tem poral congruence.
On a l l  th e  m easures th ey  m onito red , d i r e c t i o n  o f  f i r s t  
f i x a t i o n ,  l a t e n c y  o f  f i r s t  f i x a t i o n  to  each p a r e n t  e t c . , u nder  th e  
l i v e  v o ic e  c o n d i t io n  i n f a n t s  responded s i g n i f i c a n t l y  and 
a p p r o p r i a t e l y  to  th e  speak ing  p a r e n t .  The r e s u l t s  from th e  
ta p e - re c o rd e d  e p iso d es  were however l e s s  c o n c lu s iv e .  At a l l  age 
l e v e l s  t e s t e d  (5 1 /2 ,  5 1 /2  and 7 1 /2  months) i n f a n t s  d i r e c t e d
t h e i r  f i r s t  look s i g n i f i c a n t l y  more o f t e n  to  th e  's p e a k in g '  p a r e n t
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than  th e  ' s i l e n t '  one. Although th e r e  was no s i g n i f i c a n t
i n t e r a c t i o n  w i th  age, th e  e f f e c t s  were s t r o n g e s t  a t  5 1/2 and 7 1 /2  
months. The la te n c y  m easures showed on ly  a sm all  e f f e c t  and 
a l th o u g h  th e y  claimed t h a t  t h e r e  was no s i g n i f i c a n t  i n t e r a c t i o n  
w ith  age , th e  mean d a ta  s u g g e s ts  o th e rw is e ,  im ply ing  a h ig h  degree  
o f  i n d i v id u a l  v a r i a t i o n .  Table  5*1 i s  an a b s t r a c t  from t h e i r  Table 
1, pp 19* In  an a n a l y s i s  o f  th e  s im ple  main e f f e c t s  o f  age ,  on ly  
th e  7 1/2  month-old group showed a s i g n i f i c a n t  d i f f e r e n c e .
However, o v e r a l l  th e r e  i s  some ev idence  f o r  th e  young i n f a n t
p o s s e s s in g  a t  l e a s t  a bimodal r e p r e s e n t a t i o n  o f  t h e i r  p a r e n t s ,  more
so i n  th e  o ld e r  age group.
Age (months)
P a re n t  5*5 5*5 7 .5
Speaking 2 .96  2 .5 8  2 .09
S i l e n t  2 .98  2 .83  2 .92
Table 5»1 Mean la te n c y  o f  lo o k in g  to  each p a r e n t - t a p e - r e c o r d e d  
c o n d i t io n .  Taken from Spelke and Owsley (1979, pp 19).
A second experim ent which used on ly  th e  ta p e - re c o rd e d  c o n d i t io n  
and fo u r  month o ld  i n f a n t s  as  s u b je c t s  found s i g n i f i c a n t  e f f e c t s  on 
on ly  one o f  t h e i r  m easures -  th e  number o f  t r i a l s  t h a t  e v e n tu a l ly  
r e s u l t e d  in  a look towards th e  speak ing  as opposed to  th e  s i l e n t  
p a r e n t .  A f u r t h e r  c o n d i t io n  o f  t h i s  experim ent f a i l e d  to  f in d  any
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ev idence  f o r  d i f f e r e n t i a l  lo o k in g  when th e  com parison was between 
th e  i n f a n t ' s  m other and a n o th e r  woman. This i s  s l i g h t l y  s u r p r i s i n g  
s in c e  i f  they  do s e a rc h  f o r  th e  m other on p r e s e n ta t i o n  o f  h e r  v o ic e  
when th e  f a t h e r  i s  p r e s e n t  why do they  do n o t ,  o r  choose n o t  do so 
i n  th e  p resen ce  o f  a n o th e r  woman? Given th e  r e s u l t s  o f  th e  f i r s t  
experim ent and th e  f a c t  t h a t  th e  e f f e c t s  found were s t r o n g e r  i n  th e  
7 1/2 month b a b ie s ,  Spelke and Owsley might have ach ieved  more 
p o s i t i v e  r e s u l t s  had th ey  used an o ld e r  group o f  i n f a n t s .
The p r e s e n t  experim ent was des igned  to  i n v e s t i g a t e  how th e  
q u a l i t y  o f  sound in fo rm a t io n  p re s e n te d  to  a young i n f a n t  would 
a f f e c t  s e l e c t i v e  v i s u a l  re spond ing  in  a two cho ice  s i t u a t i o n .  The 
d e s ig n  and p ro ced u res  used a t tem p ted  to  overcome some o f  th e  
d e f i c i e n c i e s  no ted  in  th e  s t u d i e s  c i t e d  above. F i r s t l y ,  i t  was 
dec ided  to  use  a wide age ran g e ,  in c o rp o r a t in g  th o se  p r e v io u s ly  
u sed . S p e lk e 's  youngest s u b je c t s  were 3 1/2 months o ld  w h ile  th o se  
th e  o l d e s t  used were th o se  by Cohen a t  e ig h t  months o f  age .  The 
age range  chosen was t h r e e  to  tw elve months to  encompass b o th  o f  
th e s e  v a lu e s .  Secondly , th e  s t im u l i  were chosen such t h a t  th e  
c l a s s  used would be e q u a l ly  f a m i l i a r  to  a l l  i n f a n t s ,  t h a t  i s  human 
f a c e s  and v o ic e s ,  b u t  a l s o  such t h a t  th e  p a r t i c u l a r  i n s t a n c e s  would 
have th e  same degree  o f  u n f a m i l i a r i t y  to  a l l  i n f a n t s .  Thus f o r  
th e se  re a so n s  th e  c h i l d ' s  p a r e n t s  were n o t  u sed .  F u r th e r  t h i s  
would a l s o  ensu re  t h a t  one could a s s e s s  th e  degree  o f  g e n e r a l i t y  o f  
any i n t e g r a t i v e  c a p a c i ty  th e  i n f a n t  might p o s s e s s .  A r b i t r a r i l y  
p a i re d  o b je c t s  and sounds would n o t  ach iev e  th e s e  o b j e c t i v e s ,  s in c e  
i n d i v id u a l  i n f a n t s  may have had d i f f e r i n g  d eg rees  o f  f a m i l i a r i t y  
w i th  th e  o b je c t s  o r  sounds s e l e c t e d .
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The t h i r d  d es ig n  q u e s t io n  h inged  on how to  d e a l  w i th  th e  
problem o f  th e  s p a t i a l  and tem pora l cues t h a t  no rm ally  co -o cc u r  
w ith  w hatever f e a t u r e s  a r e  a v a i l a b l e  from a u d io -v i s u a l  o b j e c t s .  I t  
i s  c l e a r  from th e  r e s e a r c h  c i t e d  in  th e  p rev io u s  c h a p te r s  and from 
th e  r e s u l t s  o f  Experim ents 1 and 2 t h a t  young i n f a n t s  from s i x  
months can p ro c e s s  s p a t i a l  in fo rm a t io n  from sounds, b u t  t h a t  t h e i r  
re sp o n se  i s  n o t  an au to m a tic  r e f l e x i v e  o r i e n t i n g  re sp o n se  and i s  
c o n t r o l l e d  by a v a r i e t y  o f  f a c t o r s ,  one o f  which i s  v i s u a l
consequence. However, i t  i s  a l s o  c l e a r  from th e  work o f  McGurk and 
Lewis (1974), Spelke (1976) and Condry e t . a l .  (1977) t h a t  
am b igu ity  between a u d i to r y  s p a t i a l  in fo rm a t io n  and v i s u a l  s p a t i a l  
in fo rm a t io n  f o r  th e  same o b je c t  i s  i n  no way d i s t r e s s i n g  f o r  
i n f a n t s  even as  young as one month o ld .  Nor i s  co n co rd an t
in fo rm a t io n  n e c e s s a ry  f o r  a p p r o p r ia te  respond ing  to  c e r t a i n  
o b j e c t s ,  f o r  example th e  c h i l d ' s  m other. S ince  i t  was v i t a l  i n  
t h i s  experim ent t h a t  v i s u a l  s e l e c t i o n  should  n o t  be de te rm ined  by 
s p a t i a l  cues from th e  sound s t im u lu s ,  i t  was d ec id e  to  o p t  f o r  th e  
eq u a l  am bigu ity  s o lu t i o n .  That i s  u s in g  a s i m i l a r  paradigm to  t h a t  
adopted  by b o th  Spelke (1976) and Lasky e t . a l .  (1974) whereby th e  
sound was l o c a l i s e d  by a d u l t s  midway between th e  two v i s u a l  
s t i m u l i .
The problem w ith  re g a rd  to  tem pora l synchrony proved more 
d i f f i c u l t  to  d e a l  w i th .  When t h i s  experim ent was c a r r i e d  o u t  t h e r e  
was no l i t e r a t u r e  on th e  r e s p o n s iv i t y  o f  b a b ie s  to  l i p  movements 
and th e  synchrony between v o ic e s  and l i p  movements. A ttem pting  to
g e t  two s e p a r a t e  models to  speak i n  th e  same rhythm such t h a t  when
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e i t h e r  v o ic e  was p layed  h o th  p i c t u r e  sequences  would ap p ea r  
synchronous appeared  an in su rm o u n tab le  o b s t a c l e .  Doubly so s in c e  
th e  i n t e n t i o n  was to  use  a c h i ld  as  one o f  th e  models. T e c h n ic a l ly  
t h e r e  was n o t  th e  e d i t i n g  and dubbing f a c i l i t i e s  to  ach iev e  
a b s o lu t e  synchrony. The s o l u t i o n  t h e r e f o r e  was sim ply  to  g iv e  them 
b o th  th e  same degree  o f  asynchrony by p r e s e n t in g  s t i l l  pho tographs  
w ith  th e  v o ic e s .  Any problems in t ro d u c e d  by t h i s  p rocedure  i t  was 
assumed would a c t  e q u a l ly  a c ro s s  a l l  th e  s t i m u l i .  The d e s ig n  
reduces  to  one v e ry  s i m i l a r  to  t h a t  used  by Lasky e t . a l .  (1974).
As has  been p re v io u s ly  p o in te d  o u t ,  th e  Lasky s tu d y  had a 
number o f  d i f f i c u l t i e s  a s s o c ia t e d  w ith  i t .  F i r s t l y ,  no a t te m p t  was 
made to  a s s e s s  th e  d i f f e r e n t i a l  a t t r a c t i v e n e s s  o f  th e  fa c e  s t i m u l i  
used . Secondly , a l th o u g h  th e y  had what were e f f e c t i v e l y  tw o-m inute 
t r i a l s ,  on ly  th e  f i r s t  tw enty  seconds o f  each was used i n  th e  
a n a l y s i s ,  w ith  th e  p e rc e n ta g e  o f  tim e f i x a t i n g  each pho tograph  as 
th e  main dependent v a r i a b l e s .  This th e y  c la im  c o n t r o l s  f o r  b o th  
th e  d i f f e r e n t i a l  a t t r a c t i v e n e s s  o f  th e  s t im u l i  and th e  e f f e c t s  o f  
h a b i t u a t i o n  t h a t  took p la c e  over th e  f u l l  two-m inute p e r io d s .  This 
i s  n o t  so .  Taking p e rc e n ta g e s  r a t h e r  th a n  th e  raw o b s e r v a t io n  
t im es ,  w i l l  c e r t a i n l y  c o n t r o l  f o r  th e  d i f f e r e n t i a l  a t t r a c t i v e n e s s  
o f  th e  s t im u l i  between s u b je c t s  f o r  each p a i r  o f  s t i m u l i ,  b u t  does 
n o t  c o n t r o l  f o r  i t  w i th in  s u b j e c t s .  Thus s t r i c t l y  one needs  to  
have an e s t im a te  o f  th e  s u b j e c t s '  p r e f e r e n c e s  f o r  th e  s t im u l i  i n  a 
two ch o ice  s i t u a t i o n ,  independen t o f  th e  a u d i to r y  s t im u lu s .  
F u r th e r ,  i t  i s  n o t  c l e a r  why th e  tw enty  second c u t - o f f  as  u sed ,  
a p a r t  from th e  f a c t  t h a t  i t  i s  a p o p u la r  t r i a l  le n g th  i n  i n f a n t  
p e r c e p t io n  s t u d i e s .  I f  t h i s  tim e p e r io d  i s  a r e f l e c t i o n  o f  some
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average  l i m i t  on th e  'sp an  o f  c o n c e n t r a t i o n '  o f  young i n f a n t s  th en  
one might a sk  why have a tw o-m inute t r i a l  le n g th  i n  th e  f i r s t  
p la c e .  S ince  th e  p r e s e n t a t i o n  o rd e r  o f  th e  s t i m u l i  was 
co u n te rb a la n c e d  any h a b i t u a t i o n  e f f e c t s  should  have a c te d  
e q u i v a le n t ly  over a l l  th e  c o n d i t io n s .
I t  was dec ided  th e r e f o r e  t h a t  i n  th e  p r e s e n t  experim ent th e r e  
would be two p a r t s ,  th e  f i r s t  a s e t  o f  c o n t r o l  t r i a l s  where th e  
v i s u a l  s t im u l i  would be p r e s e n te d  w ith o u t  th e  a u d i to r y  s t im u lu s ,  to  
a s s e s s  each i n f a n t ' s  p re fe re n c e  i n  a two cho ice  s i t u a t i o n .  The 
second p a r t  would in c lu d e  th e  v o ic e s  and a s s e s s  t h e i r  e f f e c t s  on 
th e  p r e f e r e n c e s  e s t a b l i s h e d  d u r in g  th e  c o n t r o l  t r i a l s .  F u r th e r  a l l  
i n f a n t s  would r e c e iv e  a l l  p a i r s  o f  f a c e  and v o ic e  com bina tions .  
Thus some o f  th e  m ajor problem s a s s o c ia t e d  w ith  th e  Lasky s tu d y  
would be c o n t r o l l e d  f o r .  One o th e r  m o d i f ic a t io n  was a l s o  in c lu d e d .  
Lasky as  w e l l  as  examining th e  m a le /fem ale  d i f f e r e n t i a t i o n  a l s o
in c lu d e d  a d u l t / c h i l d  d i s c r i m in a t io n s ,  w ith  a seven y e a r  o ld  b o y 's
l
fa c e  and v o ice  as  th e  v i s u a l  and a u d i to r y  s t i m u l i .  This id e a  was 
c a r r i e d  a s ta g e  f u r t h e r  i n  t h i s  experim ent by u s in g  th e  pho tograph  
o f  a n in e  month o ld  male i n f a n t  and th e  con tinuous  b a b b l in g  o f  a 
s i m i l a r l y  aged c h i l d .  Thus th e  age d i s t i n c t i o n  in t ro d u c e d  h e re  
in v o lv e s  a l a r g e r  d i f f e r e n c e  in  s t im u lu s  a t t r i b u t e s  th an  t h a t  used  
by Lasky, in v o lv in g  a q u i t e  d i f f e r e n t  f a c i a l  s t r u c t u r e  and e i t h e r  
s t r u c t u r e d  rh y th m ica l  speech on th e  p a r t  o f  th e  a d u l t s  and th e  
r e l a t i v e l y  u n s t r u c tu r e d  p re - sp e e c h  on th e  p a r t  o f  th e  i n f a n t .  Thus
i t  was p r e d ic te d  t h a t  th e  a d u l t / c h i l d  com parisons would more
d i s c r im in a b le  by t h i s  m a n ip u la t io n .
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Subjects
S u b je c ts  were r e c r u i t e d  in  th e  manner a l re a d y  d e s c r ib e d  f o r  
Experim ents  1 and 2, and th e  same p ro ced u res  used a s  r e g a rd s  
i n s t r u c t i o n s  to  th e  c h i l d ' s  m other and c r i t e r i a  f o r  d i s c o n t in u a t io n  
o f  any t e s t i n g  s e s s io n .  F o r ty  i n f a n t s  aged between 10 and 53 weeks 
were i n d i v i d u a l l y  t e s t e d  in  th e  I n f a n t  L ab o ra to ry .  They were 
s e l e c t e d  from fo u r  age groups such t h a t  each i n f a n t  was w i th in  
app rox im ate ly  two weeks o f  the  nominal age f o r  t h a t  g roup. The 
groups were 3 months (mean = 11.98  weeks; s . d .  = 0 .9 0  w eeks),  6
months (mean = 25*31 weeks; s . d . =  1 .27  w eeks), 9 months (mean =
37*38 weeks; s . d .  1 .90  weeks) and 12 months (mean = 49*66 weeks; 
s . d . =  2 .50  w eeks) .  There were te n  s u b je c t s  in  each age group and 
th e  numbers o f  males and fem ales  were r e s p e c t i v e l y  (6 and 4; 4 and
6; 7 and 3; 4 and 6 ) .  A t o t a l  o f  f i f t y - t w o  i n f a n t s  had to  be
brought to  th e  l a b o ra to r y  to  a c h iev e  th e s e  group s i z e s .  Three 
s u b je c t s  had to  be r e j e c t e d  because  o f  m a lfu n c t io n  o f  th e  
ex p e r im e n ta l  equipment and a f u r t h e r  n in e  were r e j e c t e d  because  
they  became unduly  d i s t r e s s e d  a t  some p o in t  d u r in g  th e  p ro c e d u re .
S t im u li  and A pparatus
The ex p e r im e n ta l  equipment was th e  same as  t h a t  u sed  in  
Experim ents  1 and 2 (F ig u re s  2a and 2b, pages 127 and 128). The 
v i s u a l  s t im u l i  were p re s e n te d  by th e  Kodak p r o j e c t o r s  and th e  
a u d i to r y  s t im u l i  by th e  P h i l i p s  t a p e - r e c o r d e r .
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Three v i s u a l  and th r e e  a u d i to r y  s t im u l i  were used . The f a c e s  
were p re s e n te d  on m u l t i - c o lo u re d  s l i d e s  and c o n s is te d  o f  th e  head 
and s h o u ld e rs  o f  a young man, a young woman and a n in e  month o ld
male i n f a n t .  These a r e  shown i n  Appendix 1. Two o f  th e  a u d i to r y
s t im u l i  were re c o rd in g s  o f  a c h i l d r e n ' s  n u r s e ry  rhyme -  'S im ple
Sim on ',  p re fa c e d  by th e  v o ic e  s ay in g  'H e l lo  b a b y ' .  One r e c o rd in g  
was by a male s p e a k e r ,  th e  o th e r  by a fem ale sp eak e r  and b o th  
r e c o rd in g s  were t h i r t y  seconds in  le n g th .  The t h i r d  a u d i to r y  
s t im u lu s  was th e  con tinuous  b a b b l in g  o f  a te n  month o ld  male 
i n f a n t .  Again th e  re c o rd in g  was t h i r t y  seconds i n  l e n g th .  This  
was ach ieved  by re c o rd in g  th e  v o c a l  i n t e r a c t i o n  between th e  c h i ld  
and h i s  m other d u r in g  a tw enty  m inute  p la y  s e s s io n  conducted i n  a 
playroom n e x t  to  the  l a b o ra to r y .  The r e s u l t i n g  ta p e  was th e n  c u t ,  
s p l i c e d  and e d i te d  such t h a t  a l l  ex t ra n eo u s  n o is e s  a p a r t  from th e  
c h i l d ' s  v o ic e  were d e l e te d .  This in c lu d e d  th e  m o th e r 's  v o ic e ,  th e  
r a t t l e s  and bangs from th e  to y s  th e  boy was p la y in g  w ith  and a l s o  
' c r i e s '  from him t h a t  could n o t  be unambiguously reg a rd ed  as  
'b a b b l e s ' .  A f te r  c o n s t r u c t io n  a d u l t  o b se rv e rs  confirm ed t h a t  i t  
sounded l i k e  a c o n t in u o u s ly  reco rd ed  sequence w ith  no obvious jumps 
o r  b re a k s .  There was no p re fa c e  o f  'H e l lo  baby ' on t h i s  r e c o rd in g .
The v i s u a l  s t im u l i  were back p r o je c te d  on to  s c re e n s  1 and 2 o f  
th e  a p p a ra tu s  shown in  F ig u re s  2a and 2b. The a u d i to ry  s t im u lu s  
was r e la y e d  through sp e a k e rs  1 ,2 ,3  and 4* The s u b j e c t i v e
im p ress io n  o f  a d u l t  o b s e rv e r s  was o f  a sound source  lo c a te d  
somewhere between sp e a k e rs  2 and 3*
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Procedure
The b a s ic  elem ent o f  th e  experim ent com prised a s e r i e s  o f  
t h i r t y  second t r i a l s  d u r in g  which th e  i n f a n t  was p re s e n te d  w ith  two 
v i s u a l  s t im u l i  under one o f  th r e e  a u d i to ry  c o n d i t io n s .  These were 
e i t h e r  a s i l e n t  c o n d i t io n  o r  one o f  two v o ic e  c o n d i t io n s ,  where 
each v o ic e  was a p p r o p r ia te  to  one o f  th e  f a c e s .  This was con tin u ed  
u n t i l  th e  i n f a n t  had ex p e r ien ced  each o f  th e  v i s u a l  p a i r s  under 
each a u d i to r y  c o n d i t io n  -  a t o t a l  o f  n in e  t r i a l s .  The i n t e r - t r i a l  
i n t e r v a l  was te n  seconds .  The experim ent was th en  con t in u ed  f o r  
a n o th e r  sequence o f  n in e  t r i a l s ,  in  which th e  i n f a n t  was p re s e n te d  
w ith  th e  same m a te r i a l s  b u t  t h i s  tim e w ith  th e  r i g h t / l e f t  p o s i t i o n s  
o f  th e  v i s u a l  s t im u l i  r e v e rse d  compared to  t h e i r  p o s i t i o n s  d u r in g  
th e  f i r s t  p r e s e n ta t i o n .  W ith in  each b lock  o f  n in e  t r i a l s  th e  
p r e s e n ta t i o n  o f  the  p a i r s  o f  s t im u l i  were random excep t t h a t  th e  
t h r e e  s i l e n t  t r i a l s  always p recede  th e  v o ic e  t r i a l s .  The com plete  
p r e s e n ta t i o n  sequences a r e  shown i n  Table 5*2. There were two 
c o n d i t io n s ,  co rre sp o n d in g  to  th e  o rd e r  o f  p r e s e n ta t i o n  o f  th e  
b lo c k s .  H a lf  th e  s u b je c t s  a t  each age l e v e l  r e c e iv e d  sequence A 
f i r s t  and th en  sequence B w h ile  th e  rem ain ing  s u b je c t s  were 
p re s e n te d  w ith  th e  s t im u l i  i n  th e  o rd e r ,  sequence B and th e n  
sequence A. S u b je c ts  were randomly a s s ig n e d  to  th e s e  groups u n t i l  
t h e r e  were f i v e  a t  each age l e v e l .
As in  th e  p rev io u s  experim en ts  when th e  i n f a n t  was b ro u g h t i n t o  
th e  t e s t i n g  room, th e  main l i g h t s  had a l r e a d y  been dimmed and b o th  
s c re e n s  p re s e n te d  i d e n t i c a l  s l i d e s  o f  a l o c a l  view. M others were 
i n s t r u c t e d  to  s i t  i n  th e  c h a i r  w ith  th e  i n f a n t  on h e r  la p  w i th  th e
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c h i l d ' s  body f a c in g  midway between th e  two s c r e e n s .  C o n tro l  o f  th e  
s l i d e  p r o j e c t o r s  was ach ieved  a u to m a t i c a l ly  by e l e c t r o n i c  p u ls e s  
from th e  t a p e - r e c o r d e r  which a l s o  p re s e n te d  th e  v o ic e s .
Sequence A
T r i a l
V isu a l
L e f t
S tim ulus
R igh t
A udito ry
Stim ulus
1 10) Baby Male S i le n c e
2 11) Female Male S i le n c e
3 12) Female Baby S i le n c e
4 13) Male Female Male
5 14) Male Baby Baby
6 15) Female Baby Female
7 16) Male Female Female
8 17) Baby Male Male
9 18) Baby Female Baby
Sequence B
10 (1) Male Baby S i le n c e
11 (2) Baby Female S i le n c e
12 (3) Male Female S i le n c e
13 (4) Female Male Female
14 (5) Female Baby Baby
15 (6) Male Baby Male
16 (7) Female Male Male
17 (8) Baby Female Female
18 (9) Baby Male Baby
Table 5*2 S tim ulus  p r e s e n t a t i o n  sequences  f o r  Experiment 3*
V isu a l  f i x a t i o n  to  each  s c re e n  was reco rd ed  f o r  each t r i a l  on 
th e  d a ta  lo g g in g  system  p re v io u s ly  d e s c r ib e d .  O b se rv a tio n  was 
always c a r r i e d  o u t by th e  a u th o r  and o c c a s io n a l ly  by a second 
o b s e rv e r .  I n t e r - o b s e r v e r  r e l i a b i l i t y  was h ig h .
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R e s u l t s
There were s i x  dependent measures d e r iv e d  from th e  
o b s e r v a t io n a l  d a ta  f o r  each t r i a l  -  th e  le n g th  o f  th e  f i r s t  
f i x a t i o n  to  each s c re e n ,  th e  t o t a l  d u r a t io n  o f  f i x a t i o n  to  each 
s c re e n  and th e  number o f  f i x a t i o n s  to  each s c re e n .  F u l l  d e t a i l s  o f  
th e  r e s u l t s  a r e  p r e s e n te d  i n  Appendix 2 where th e  mean v a lu e s  f o r  
each c o n d i t io n  and t r i a l  a r e  g iven  i n  a d d i t i o n  to  th e  a n a l y s i s  o f  
v a r ia n c e  t a b l e s .
S i l e n t  T r i a l s
The f i r s t  s e t  o f  a n a ly se s  concerned  th e  p r e f e r e n c e s  o f  th e  
i n f a n t s  under  th e  s i l e n t  two cho ice  s i t u a t i o n  and how s y s te m a t ic  
th e s e  p r e f e r e n c e s  were upon re p e a te d  p r e s e n t a t i o n  o f  th e  same two 
s t i m u l i .  This was r e s t r i c t e d  to  f i x a t i o n s  under th e  s i l e n t  
c o n d i t io n s .  A z - s c o re  app rox im ation  to  th e  b inom ia l was used  to  
d e te rm ine  i f  th e  s t im u lu s  viewed lo n g e s t  on th e  f i r s t  p r e s e n t a t i o n  
o f  a p a r t i c u l a r  p a i r  was a l s o  viewed lo n g e s t  on th e  second 
p r e s e n t a t i o n  o f  t h a t  p a i r .  Each s t im u lu s  p a i r  was an a ly se d  
s e p a r a t e ly .  None o f  them gave s i g n i f i c a n t l y  c o n s i s t e n t  
p r e f e r e n c e s .  For th e  m a le /fem ale  p a i r  on ly  60 p e r c e n t  o f  s u b j e c t s  
c o n s i s t e n t l y  p r e f e r r e d  one s t im u lu s  o ver  th e  o th e r .  For th e  
m ale/baby p a i r  and th e  fem ale /baby  p a i r  th e  r e s p e c t iv e  p e rc e n ta g e s  
were 45 and 37*5* The r e s u l t s  were th e n  examined by age group 
a c ro s s  s t im u lu s  p a i r s .  The v a lu e s  f o r  th e  3 , 6, 9 and 12 month o ld  
groups were 40 p e r c e n t ,  53*3, 50 and 4 6 .7  p e r c e n t .  There was no 
ev idence  th e r e f o r e  o f  any change in  c o n s is te n c y  o f  p r e f e r e n c e  w ith
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ag e .  S u b je c ts  were th e n  examined i n d i v i d u a l l y  to  see  i f  t h e r e  were 
p a r t i c u l a r  b a b ie s  who were b e in g  h ig h ly  c o n s i s t e n t  and o th e r  b a b ie s  
who were i n c o n s i s t e n t .  Every c h i ld  was a s s ig n e d  a s c o re  o f  1 f o r  
each s t im u lu s  p a i r  on which they  showed a c o n s i s t e n t  p r e f e r e n c e  
over  th e  two p r e s e n t a t i o n s .  Each baby could  t h e r e f o r e  have a t o t a l  
s c o re  o f  0 , 1, 2 o r  3* The number o f  b a b ie s  i n  each o f  th e s e
c a t e g o r i e s  was fo u r  who sco red  0 , s e v en te en  who sco red  1, a n o th e r  
sev en te en  who sco red  2 and two s u b je c t s  who sco red  3* Thus th e r e  
i s  no ev idence  o f  any bim odal d i s t r i b u t i o n  o f  c o n s i s t e n t  and 
in c o n s i s t e n t  s u b j e c t s .  Any p a r t i c u l a r  i n d i v id u a l  i s  as  l i k e l y  to  
change h i s  p re fe re n c e  as  he i s  to  r e t a i n  i t .  This i s  an im p o r ta n t  
p o in t  b o th  t h e o r e t i c a l l y  and m e th o d o lo g ic a l ly .
F i r s t l y ,  th e  m e th o d o lo g ica l  im p l i c a t io n s  a r e  s u b s t a n t i a l  
because  o f  th e  u b iq u i to u s  n a tu r e  o f  th e  p a i r e d  com parison d e s ig n  i n  
i n f a n t  r e s e a r c h .  A lthough as F an tz  e t . a l .  (1975) have p o in te d  o u t  
th e  u se  o f  th e  term  'v i s u a l  p r e f e r e n c e '  i n d i c a t i n g  a d i f f e r e n t i a l  
f i x a t i o n  re sp o n se  to  two s t im u l i  i s  p u re ly  an o p e r a t io n a l  one and 
does n o t  imply t h a t  th e  'p r e f e r r e d '  s t im u lu s  i s  l i k e d  m ost, 
n e v e r t h e l e s s  i t  does pose problem s in  e s t a b l i s h i n g  th e  r e l i a b i l i t y  
o f  th e  d i f f e r e n t i a l  f i x a t i o n  re sp o n se  i f  on two p r e s e n t a t i o n s  o f  
th e  s t im u lu s  p a i r  th e  o rd e r in g  i s  r e v e r s e d .  I s  t h a t  k ind  o f  r e s u l t  
i n d i c a t i v e  o f  random respond ing  o r  some more s p o h i s t i c a t e d  form o f  
p ro c e s s in g ?  Does i t  show a p r e f e r e n c e  f o r  ' n o v e l t y ' ,  t h a t  i s  
f i x a t i n g ,  on th e  second o c c a s io n  th e  s t im u lu s  viewed l e a s t  on th e  
f i r s t ?  A l l  p a i r e d  com parison d e s ig n s  have m u l t ip l e  p r e s e n t a t i o n  o f  
th e  same s t im u lu s  p a i r s  i f  on ly  to  c o n t r o l  f o r  th e  p o s s i b i l i t y  o f  
l e f t  o r  r i g h t  b ia s e s  i n  f i x a t i o n .  However, few examples i n  th e
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l i t e r a t u r e  have s y s t e m a t i c a l ly  in v e s t ig a t e d  th e  c o n s i s t e n c i e s  i n  
p r e f e r e n c e  to  d i f f e r e n t  s t im u lu s  p a i r s  over  r e p e a te d  p r e s e n t a t i o n s .  
The normal p rocedure  i s  to  p r e s e n t  each one o f  th e  p a i r  i n  b o th  th e  
r i g h t  and l e f t  hand p o s i t i o n s  and sum o r  average  th e  f i x a t i o n  to  
each s t im u lu s  over  th e  two t r i a l s .  Thus two i n d i v id u a l  t r i a l s  
which could  show s u b s t a n t i a l  f i x a t i o n  d i f f e r e n c e s  between s t im u l i  
a l th o u g h  w ith  a d i f f e r e n t  p r e f e r e n c e  o rd e r in g  would when combined, 
show l i t t l e  o r  no d i f f e r e n c e  i n  o v e r a l l  a t t e n t i o n  to  each s t im u lu s .  
Thus i t  i s  n o t  a t  a l l  c l e a r  what th e  s t a t u s  o f  th e  ' i n c o n s i s t e n t '  
p r e f e r e n c e  o rd e r in g s  found h e re ,  have o r  how th ey  should  be d e a l t  
w i th .
This  type  o f  r e s u l t  a l s o  has  t h e o r e t i c a l  im portance . As has  
been p r e v io u s ly  mentioned th e  d i f f e r e n t i a l  f i x a t i o n  re sp o n se  to  two 
s t im u l i  m ere ly  indexes  some d i s c r i m in a t io n  by th e  i n f a n t .  R esearch  
f in d in g s  by F an tz  and h i s  c o l l a b o r a t o r s  have shown c o n s i s t e n c i e s  i n  
p r e fe re n c e  a t  d i f f e r e n t  age l e v e l s  and s y s te m a t ic  changes i n  
s e l e c t i v i t y  a c ro s s  ages and d i f f e r e n t  sub-g roups  o f  i n f a n t s  (F an tz  
e t . a l .  1975). The im p l ic a t io n  o f  t h i s  i s  t h a t  th e  p r e f e r e n c e s  a r e  
th e  r e s u l t s  o f  s o p h i s t i c a t e d  v i s u a l  p ro c e s s in g  mechanisms which 
change over  tim e and may be d i f f e r e n t  i n  s e l e c t e d  p o p u la t io n s .  The 
assum ption  i s  t h a t  d i s t r i b u t i o n  o f  v i s u a l  a t t e n t i o n  to  th e  
environm ent i s  an o p p o r tu n i ty  f o r  l e a r n in g  abou t t h a t  env ironm en t.  
S y s tem a tic  v i s u a l  p re f e r e n c e s  must th e r e f o r e  be viewed as  a t  l e a s t  
i n  p a r t  r e f l e c t i n g  th e  l e a r n in g  s t r a t e g i e s  employed by th e  i n f a n t  
a t  t h a t  p a r t i c u l a r  p o in t  i n  t im e .  Thus an im p o r ta n t  q u e s t io n  i s  
w hether  i n c o n s i s t e n c i e s  i n  th e  p r e fe re n c e  o rd e r in g  o f  two s t i m u l i  
have to  be in c lu d e d  and accounted  f o r  o r  w hether  th ey  can be
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rega rded  s im ply  as  measurement e r r o r ,  o r  u n r e l i a b l e  re s p o n s e s ,  
le a v in g  on ly  c o n s i s t e n t  r e p e a te d  p r e f e r e n c e s  to  u se  as  th e  p r im ary  
d a ta  b a se .  T h e o r e t i c a l  s p e c u la t io n  and h ypo theses  w i l l  be q u i t e  
d i f f e r e n t  dependent upon th e  a t t i t u d e  adopted  to  t h i s  i s s u e .  I f  
o n ly  c o n s i s t e n t  p r e f e r e n c e s  a r e  used th en  i t  i s  f a i r l y  easy  to  
adop t s tim u lus-bound  e x p la n a t io n s  f o r  th e  observed  p r e f e r e n c e s  o f  
any p a r t i c u l a r  group o f  s u b j e c t s .  The d i f f e r e n t i a l  f i x a t i o n s  
become r e f l e c t i o n s  o f  an u n d e r ly in g  p re fe re n c e  f o r  'c o m p le x i ty '  o r  
'rounded  c o n to u r '  as  a g a i n s t  ' s t r a i g h t  l i n e s ' ,  o r  w h a tev e r ,  th e  
e x p la n a t io n  b e ing  dependent upon th e  p h y s ic a l  d i f f e r e n c e s  betw een 
th e  p a i r s  o f  s t im u l i  employed. On th e  o th e r  hand, t a k in g  accoun t 
o f  i n c o n s i s t e n t  p r e fe re n c e  o rd e r in g s  when th e y  a r e  found r u l e s  o u t  
a s tim u lus-bound  e x p la n a t io n .  Much more s o p h i s t i c a t e d ,  
i n t e r a c t i o n a l  models o f  p ro c e s s in g  a r e  r e q u i r e d  t h a t  ta k e  acco u n t 
o f  th e  r e l a t i o n s h i p  between th e  i n f a n t  and o b j e c t s .  These models 
must in c lu d e  h y p o th eses  about th e  a c q u i s i t i o n  and p ro c e s s in g  o f  
in fo rm a t io n  and th e  s e q u e n t i a l  dependencies  o f  f i x a t i o n s  upon 
p rev io u s  v i s u a l  b eh av io u r .  This  id e a  w i l l  be developed f u r t h e r  i n  
r e l a t i o n  to  th e  d a ta  from th e  p r e s e n t  experim en t.
The o th e r  main r e s e a r c h  s t r a t e g y  in  s t u d i e s  o f  i n f a n t  
p e r c e p t io n ,  used h e re  i n  Experim ents  1 and  2 i s  th e  h a b i t u a t i o n  and 
v i o l a t i o n  o f  expec tancy  paradigm . In  t h i s  th e  i n f a n t  i s  r e p e a te d ly  
exposed to  a p a r t i c u l a r  s t im u lu s  f o r  a p e r io d  o f  tim e and th en  
e i t h e r  a change i s  made i n  th e  s t im u lu s ,  o r  i t  i s  r e p la c e d  by an 
e n t i r e l y  new s t im u lu s .  This  i s  th e  c l a s s i c  case  o f  s e q u e n t i a l  
dependency. The le n g th  o f  th e  p r e s e n t  f i x a t i o n  i s  viewed as  b e in g  
some fu n c t io n  o f  th e  le n g th  o f  th e  p re v io u s  f i x a t i o n s  and th e
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s itim ulus  f i x a t e d .  In  p a r t i c u l a r  a nove l s t im u lu s  promotes lo n g e r  
f i x a t i o n s  th a n  th e  im m ediate ly  p rev io u s  h a b i t u a t i o n  s t im u lu s .  A l l  
p a i r e d  com parison d e s ig n s  u se  some form o f  r e p e t i t i o n  o f  th e
s t im u lu s  p a i r s ,  a t  l e a s t  to  c o n t r o l  f o r  p o s i t i o n  b i a s .  T h e re fo re
w i th in  th e s e  d e s ig n s  a t  l e a s t  two p ro c e s s e s  must be a t  work, one 
r e f l e c t i n g  th e  u n d e r ly in g  p re f e r e n c e  o rd e r ,  i f  any, and a second 
r e f l e c t i n g  th e  changes i n  p ro c e s s in g  consequen t upon th e  r e p e t i t i o n  
o f  th e  s t im u l i  and any o th e r  s i m i l a r  s t i m u l i .  I t  th en  becomes 
p o s s i b le  to  h y p o th e s i s e  t h a t  a change i n  p re fe re n c e  o rd e r  f o r  two 
p a r t i c u l a r  s t im u l i  when b o th  p r e s e n t a t i o n s  a r e  i n t e r s p e r s e d  w i th  
t r i a l s  in v o lv in g  e i t h e r  th e  same o r  s i m i l a r  s t im u l i  i s  th e  r e s u l t  
o f  th e  l a t t e r  p ro c e ss  s u p e rced in g  th e  fo rm er.  The change i n  
p r e f e r e n c e  i s  th e n  seen  as  a re sp o n se  to  n o v e l ty .  This  was 
examined i n  th e  p r e s e n t  s e t  o f  d a ta  by comparing th e  p r e f e r e n c e  on 
th e  second p r e s e n t a t i o n  o f  each un ique  s t im u lu s  p a i r  w i th  th e  
p r e fe re n c e  o rd e r  based on th e  t o t a l  f i x a t i o n  tim es to  each e lem ent 
o f  t h a t  p a i r  from a l l  th e  p re v io u s  t r i a l s ,  r e g a r d l e s s  o f  th e  
a u d i to r y  c o n d i t io n .  A f u r t h e r  com parison was a l s o  made between th e  
second s i l e n t  p r e s e n ta t i o n  o f  a p a r t i c u l a r  p a i r  and th e  im m edia te ly  
p re v io u s  p r e s e n t a t i o n  o f  t h a t  p a i r  a g a in  r e g a r d l e s s  o f  th e  a u d i to r y  
s t im u lu s .  The r e s u l t s  from th e s e  com parisons were i n t e r e s t i n g  b u t  
n o t  p a r t i c u l a r l y  c o n c lu s iv e .  Examining each p a i r i n g  s e p a r a t e l y  th e  
p e rc e n ta g e  o f  c o n s i s t e n t  re sp o n ses  were r e s p e c t i v e l y  60 p e r c e n t  and 
57*5 p e r c e n t  f o r  th e  m a le /fem ale  p a i r ,  62 .5  and 55 p e r c e n t  f o r  th e  
m ale/baby p a i r  and 52 .5  and 52 .5  f o r  th e  fem ale /baby  p a i r .
Although th e s e  r e s u l t s  show t h a t  th e  t o t a l  p re v io u s  v i s u a l
in s p e c t io n  o f  each e lem ent o f  th e  p a i r  o f  s t im u l i  and th e  most 
r e c e n t  p r e s e n ta t i o n  o f  t h a t  p a i r ,  even under s l i g h t l y  d i f f e r e n t
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c o n d i t io n s ,  p ro v id e s  a b e t t e r  e s t im a te  o f  th e  p r e fe re n c e  o rd e r in g  
th an  does a p re v io u s  independen t e s t im a te ,  in  n e i t h e r  case  i s  t h e r e  
ev idence  o f  a s i g n i f i c a n t l y  c o n s i s t e n t  tendency . Thus th e  i s s u e  o f  
w hether  one should  r e g a rd  th e  f i r s t  s e t  o f  t r i a l s  o r  some
com bination  o f  th e  f i r s t  and second s e t  as  th e  p rim ary  d a ta  base  i s  
e s s e n t i a l l y  u n re so lv e d .
F u r th e r  c o n t r o l  a n a ly s e s  were c a r r i e d  o u t to  i n v e s t i g a t e  th e
p a t t e r n  o f  r e s u l t s  over th e  f i r s t  and second s e t  o f  t r i a l s  f o r  th e
e x i s t e n c e  o f  any p o s i t i o n  b ia s e s  i n  th e  f i x a t i o n  s c o re s .  Again th e
V
a n a ly se s  were conducted on th e  s i l e n t  t r i a l s  to  o b v ia te  any
p o s s s i b l e  co m p lic a t in g  e f f e c t  th e  p r e s e n t a t i o n  o f  th e  v o ic e  s t i m u l i  
might have had. A fo u r  f a c t o r  ANOVA was c a r r i e d  o u t w ith  Age as  a 
f o u r  l e v e l ,  between groups f a c t o r  and S tim ulus  P a i r ,  T r i a l  S e t and 
P o s i t i o n  ( r i g h t  v l e f t )  as  t h r e e  r e p e a te d  measures f a c t o r s .  For 
th e  t o t a l  f i x a t i o n  tim e p e r  t r i a l  to  each p o s i t i o n  a l l  f o u r  f a c t o r s  
were s i g n i f i c a n t .  Age (F= 3»60; d . f . =  3 ,3 6 ;  p< 0 .025) ,  S tim u lus
P a i r  (F= 6 .0 5 ;  d . f . =  2 ,7 2 ;  p<0 .005 ) ,  T r i a l  S e t (F=35-36; d . f . =
1 ,36 ; p<0 .001) and P o s i t i o n  (F= 6 .48 ; d . f . =  1 ,36 ;  p<0.005)»
There was a l s o  one s i g n i f i c a n t  i n t e r a c t i o n  -  Age by S tim ulus  P a i r  
by P o s i t i o n  (F= 4 r14 ; d . f . =  6 ,7 2 ;  p<0.005)*
The T r i a l  S e t  e f f e c t  i s  e a s i l y  i n t e r p r e t a b l e ;  t h e r e  were 
lo n g e r  f i x a t i o n  tim es d u r in g  t r i a l s  1 - 3  th a n  th e r e  were d u r in g  
t r i a l s  10 -  12, 10.80 seconds  f o r  th e  f i r s t  th r e e  as  a g a i n s t  8 .7 4  
seconds  f o r  th e  second p r e s e n t a t i o n s .  S ince  th e r e  were no 
s i g n i f i c a n t  i n t e r a c t i o n s  w ith  any o th e r  f a c t o r s ,  one can say  t h a t  
each age group showed a c o n s i s t e n t  p a t t e r n  o f  b eh av io u r  a c r o s s  th e
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f i r s t  and second h a lv e s  o f  th e  experim en t ,  th e  d i f f e r e n c e  b e in g  
a t t r i b u t a b l e  to  h a b i t u a t i o n  e f f e c t s .
S tim ulus  P a i r  
Male/Female Male/Baby Female/Baby
Age L e f t R ight L e f t R ight L e f t R igh t
3 months 14.24 6.99 7.25 15*55 14.87 6 .99
6 months 9-92 9.11 12.42 8.99 10.50 7 .8 3
9 months 9*38 8 .8 8 11.52 8.35 8.81 11.66
12 months 7 .9 4 7 .57 8.55 9-40 10.08 7 .7 9
Table 5*3 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  each r i g h t  and 
l e f t  p o s i t i o n  under each s t im u lu s  p a i r  c o n d i t io n  f o r  th e  f o u r  age 
groups -  Experiment 3*
Table  5*3 shows the  mean v a lu e s  f o r  th e  s i g n i f i c a n t  
i n t e r a c t i o n .  To e x p l i c a t e  t h i s  a th r e e  f a c t o r  re p e a te d  m easures
ANOVA was c a r r i e d  o u t  f o r  each age group. The main e f f e c t  f o r
T r i a l  S e t  was s i g n i f i c a n t  a t  each age l e v e l  i n  l i n e  w i th  th e
o v e r a l l  s i g n i f i c a n c e  mentioned e a r l i e r .  Thus a l l  groups showed 
h a b i t u a t i o n  from t r i a l s  1 -  3 t o  t r i a l s  1 0 - 1 2 .  The o n ly  o th e r
s i g n i f i c a n t  e f f e c t  was an i n t e r a c t i o n  between S tim ulus  P a i r  and 
P o s i t i o n  f o r  th e  t h r e e  month o ld  group (F= 6 .28 ;  d . f . =  2 ,1 8 ;
p < 0 .0 1 ) .  From th e  t a b l e  one can see  t h a t  b o th  th e  m a le /fem ale  and 
fem ale /baby  com parisons show s t r o n g  p o s i t i o n  b i a s ,  t h a t  i s  l e f t
lo o k in g  whereas th e  m ale/baby p a i r i n g  shows an e q u a l ly  s t r o n g  b i a s
i n  th e  o p p o s i te  d i r e c t i o n .  No o th e r  age groups shows such s t r o n g  
p o s i t i o n  p r e f e r e n c e s ,  a l th o u g h  th e r e  a r e  one o r  two q u i t e  marked 
d i f f e r e n c e s  i n  th e  f i x a t i o n  tim es to  th e  l e f t  and r i g h t .  This
means th e r e f o r e  t h a t  a l th o u g h  th e  o v e r a l l  p a t t e r n  o f  r e s u l t s  i s
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s i m i l a r  over  th e  f i r s t  and second p r e s e n ta t i o n s  o f  th e  s t i m u l i ,  one 
r e q u i r e s  b o th  t r i a l s ,  c o n t r o l l i n g  r i g h t / l e f t  p o s i t i o n  when 
e s t im a t in g  th e  r e l a t i v e  v i s u a l  p r e f e r e n c e .  This  i s  c e r t a i n l y  t r u e  
f o r  th e  t h r e e  month o ld  group where th e  p o s i t i o n  e f f e c t  i s
s u b s t a n t i a l ,  b u t  i s  a l s o  good e x p e r im e n ta l  p r a c t i c e  even f o r  th e  
o ld e r  g ro u p s .  Mean f i x a t i o n  s c o re s  to  th e  l e f t  ( th e  b a b y 's  l e f t )  
were h ig h e r  i n  a l l  age groups th a n  th o se  to  th e  r i g h t ,  a l th o u g h  th e  
d i f f e r e n c e s  were minimal f o r  th e  e l d e r  i n f a n t s ,  th e  n in e  and tw elve  
month c h i ld r e n .  In  c o n c lu s io n  th e n ,  a l th o u g h  th e  c o n s is te n c y  o f
th e  p r e f e r e n c e  d a ta  was ambiguous as  to  w hether  th e  r e l e v a n t  d a ta  
base  should  be a l l  e ig h te e n  t r i a l s  o r  on ly  th e  f i r s t  n in e ,  th e  
l a t t e r  s e t  o f  a n a ly se s  on p o s i t i o n  b i a s ,  su g g e s ts  q u i t e  s t r o n g ly  
t h a t  th e  c o n t r o l s  f o r  p o s i t i o n  should  be in c lu d e d  and t h a t  th e  
p a t t e r n  o f  v i s u a l  b eh av io u r  i s  n o t  s e r i o u s l y  d i s t o r t e d  by th e  
i n c lu s io n  o f  th e  second s e t  o f  t r i a l s .  A l l  subsequen t a n a ly s e s
w i l l  in c lu d e  th e  d a ta  from b o th  s e t s ,  a l th o u g h  as check on th e  
le g i t im a c y  o f  t h i s  l a s t  a s s e r t i o n  th e y  w i l l  be k e p t  a s  a s e p a r a t e  
f a c t o r  i n  th e  d e s ig n  r a t h e r  th a n  b e in g  combined o r  averaged  as  
would no rm ally  be th e  c a s e .  Thus we w i l l  a l s o  be a b le  to  m o n i to r  
any changes i n  beh av io u r  over th e  r e l a t i v e l y  s h o r t  d u r a t io n  o f  th e  
ex p e r im e n ta l  p e r io d .
Although th e  a n a l y s i s  o f  th e  i n d i v id u a l  p r e f e r e n c e s  among p a i r s  
o f  s t im u l i  showed l i t l e  c o n s is te n c y  o v er  r e p e a te d  p r e s e n t a t i o n  o f  
th e  same p a i r ,  i t  could  be th e  case  t h a t  a c ro s s  d i f f e r e n t  age 
groups t h e r e  were changes i n  p r e fe re n c e  w i th in  a p a r t i c u l a r  p a i r .  
The n e x t  s e t  o f  a n a ly se s  i n v e s t i g a t e  t h i s  p o s s i b i l t y .  The com plete  
s e t  o f  mean v a lu e s  f o r  th e  d u r a t io n  o f  t o t a l  f i x a t i o n  to  each  fa c e
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p e r  t r i a l  a re  d e t a i l e d  i n  T ab les  3*1 t o  3*3 in  Appendix 2, th e  
a n a l y s i s  o f  v a r ia n c e  t a b l e s  a r e  T ab les  3*9 to  3*11 i n  th e  same 
Appendix. Three s e p a r a t e  ANOVA's were ru n ,  one f o r  each s t im u lu s  
p a i r  -  m a le /fem ale ,  m ale/baby and fem ale /baby .  These were a l l  
th r e e  f a c t o r  a n a ly s e s  w i th  Age as  th e  between group v a r i a b l e  and 
T r i a l  S e t  and Face as  th e  w i th in  group v a r i a b l e s .  The m a le /fem ale  
com parison r e v e a le d  main e f f e c t s  f o r  Age (F= 3*00; d . f . =  3 ,3 6 ;
p < 0 .0 5 ) ,  T r i a l  S e t  (F=14-84 ; d . f . =  1 ,36 ;  p< 0 .001 ) and Face (F=
8 .0 4 ;  d . f . =  1 ,36 ;  p < 0 .0 1 ) and a T r i a l  S e t  by Face i n t e r a c t i o n  (F=
5*17; d . f . =  1 ,36 ; p < 0 .0 5 ) .  The Age e f f e c t  i s  e a s i l y
i n t e r p r e t a b l e  i n  t h a t  th e  3 month o ld  group f i x a t e  th e  s t i m u l i  more 
th a n  do th e  12 month o ld  group. The mean v a lu e s  f o r  each age group 
were 3 months -  10.62  s eco n d s ,  6 months -  9*51 seconds , 9 months -  
9*13 seco n d s ,  12 months -  7*75 steconds. (Only th e  3 v 12 months 
com parison was s i g n i f i c a n t ,  p<0.05«) Table 5*4 shows th e  T r i a l  S e t 
by Face i n t e r a c t i o n .
P r e s e n ta t io n  
Face F i r s t  Second
Male 7 .46  7 .77  7 .62
Female 13-11 8 .66  10.88
10.29  8 .13
Table 5 -4  Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  male and 
fem ale  f a c e s  under  th e  s i l e n t  t r i a l s ,  f o r  each age group -  
Experiment 3*
The e f f e c t  i s  such t h a t  th e  o v e r a l l  p r e fe re n c e  f o r  th e  fem ale
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s t im u lu s  i s  much more pronounced d u r in g  th e  f i r s t  p r e s e n t a t i o n  th an  
i t  i s  d u r in g  th e  second. This d e c re a se  i n  d i f f e r e n t i a l  f i x a t i o n  i s  
n o t  s im ply  due to  g e n e ra l  h a b i t u a t i o n  s in c e  th e  mean f i x a t i o n  to  
th e  male fa c e  a c t u a l l y  in c r e a s e s .  However t h e r e  i s  no o v e r a l l  
change i n  p r e f e r e n c e  w ith  age.
The m ale/baby p a i r i n g  showed main e f f e c t s  f o r  Age (F= 4*13;
d . f .=  3 ,3 6 ;  p<0.025) and T r i a l  S e t  (F=13 - 05; d . f . =  1 ,3 6 ;
p< 0 .001 ) and an Age by T r i a l  S e t  by Face i n t e r a c t i o n  (F= 3*28;
d . f . =  3 ,3 6 ;  p < 0 .0 5 ) .  The mean d a ta  f o r  t h i s  i s  shown i n  Table
5 -5 .
P r e s e n ta t io n  
F i r s t  Second
Male Baby Male Baby
3 months 18.36 5 .50 10.48 11.22 11.39
6 months 8.87 15.40 11.13 7.41 10.45
9 months 11.75 10.67 9.34 7.97 9.93
12 months 10.07 8 .3 6 10.22 7.24 8.97
12.26 9-98 10.29 8. 46
Table 5*5 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  th e  male and baby 
f a c e s  under th e  s i l e n t  t r i a l s ,  f o r  each age group -  Experim ent 3«
No a t te m p t w i l l  be made to  t e a s e  ou t th e  s i g n i f i c a n t  d i f f e r e n c e s  
between th e  c e l l s  f o r  such a sm a l l  i n t e r a c t i o n  e f f e c t .  O bviously  
from th e  t a b l e ,  t h e r e  a r e  s u b s t a n t i a l  p r e f e r e n c e s  shown by th e  two 
younger g roups , to  th e  male f o r  th e  3 month o ld  c h i ld r e n  and to  th e  
baby fa c e  f o r  th e  6 month o ld  group. However t h i s  i s  co m p lica ted  
by th e  d isa p p e a ra n c e  o f  th e se  d i f f e r e n t i a l s  on th e  second
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p r e s e n t a t i o n  o f  th e  p a i r .  This le n d s  su p p o r t  to  th e  h y p o th e s i s  
in t ro d u c e d  e a r l i e r  o f  two p ro c e s s e s  govern ing  p r e f e r e n c e s ,  where 
th e  s t r o n g e r  th e  p r e f e r e n c e  shown on th e  f i r s t  o c c a s io n  th e  g r e a t e r  
th e  l i k e l i h o o d  o f  p r e f e r e n c e  f o r  th e  a l t e r n a t i v e  s t im u lu s  on th e  
second o c c a s io n ,  p r e f e r e n c e  f o r  n o v e l ty .  The two main e f f e c t s  were 
as  b e fo re  -  d e c re a s in g  f i x a t i o n  w ith  age and s h o r t e r  t o t a l  
f i x a t i o n s  on th e  second p r e s e n ta t i o n .
The t h i r d  com parison -  fem ale /baby  -  showed on ly  one 
s i g n i f i c a n t  main e f f e c t ,  t h a t  f o r  T r i a l  S e t  (F=12.50; d . f . =  1 ,3 6 ;
p<0 .005) b u t  no s i g n i f i c a n t  i n t e r a c t i o n s .  The T r i a l  S e t e f f e c t  was 
th e  same as  i n  th e  o th e r  com parisons, t h a t  i s  more f i x a t i o n  d u r in g  
th e  f i r s t  p r e s e n t a t i o n  (1 1 .00  seco n d s)  th an  d u r in g  th e  second 
p r e s e n t a t i o n  (8 .6 3  s e c o n d s ) .
From th e s e  s t a t i s t i c s  i t  would ap p ea r  t h a t  th e r e  i s  v e ry  l i t t l e  
ev idence  f o r  c o n s i s t e n t  age r e l a t e d  changes i n  p r e f e r e n c e  to  th e  
fa c e  s t im u l i  employed h e r e .  A lthough th e r e  was an o v e r a l l  
p r e fe re n c e  f o r  th e  fem ale when p r e s e n te d  i n  c o n ju n c t io n  w ith  th e  
male f a c e ,  and th e  two younger groups showed p re f e r e n c e s  between 
th e  male and th e  baby f a c e ,  th e s e  e f f e c t s  d isa p p e a re d  on th e  second 
p r e s e n t a t i o n  o f  th e  r e l e v a n t  s t i m u l i .  F u rtherm ore , a l th o u g h  t h e r e  
was s i g n i f i c a n t l y  l e s s  f i x a t i o n  on th e  second p r e s e n t a t i o n s  i t  
would n o t  be a p p r o p r ia te  to  e x p la in  th e  e v a p o ra t io n  o f  th e  
p r e f e r e n c e s  as  b e in g  due to  some s o r t  o f  ' f l o o r '  e f f e c t  a s  a r e s u l t  
o f  g e n e ra l  h a b i tu a t i o n .  Even d u r in g  th e  second p r e s e n t a t i o n s ,  on 
average  a t  l e a s t  h a l f  o f  each t r i a l  was sp e n t  f i x a t i n g  one o r  o t h e r  
o f  th e  s t i m u l i .
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The second im p o r tan t  p o in t  t h a t  must be emphasised i s  t h a t  th e  
la c k  o f  p r e fe re n c e  shown a t  any age l e v e l  to  th e  fem ale /baby  
com parison does n o t  n e c e s s a r i l y  i n d i c a t e  a la c k  o f  d i s c r i m in a t io n  
between th e  s t i m u l i .  Tha a c t u a l  pho tographs  used a r e  rep roduced  in  
Appendix 1. I n t u i t i v e l y ,  i t  would ap p ea r  t h a t  th e r e  i s  a l a r g e r  
deg ree  o f  s i m i l a r i t y  between th e  male and fem ale f a c e s  th a n  between 
e i t h e r  th e  male and baby o r  fem ale  and baby f a c e s .
Thus s in c e  t h e r e  i s  ev idence  o f  d i s c r i m in a t io n  o f  male from 
fem ale and male from baby th e  on ly  way i n  which th e  p r e s e n t  r e s u l t s  
could  a r i s e  and imply n o n - d is c r im in a t io n  o f  fem ale from baby would 
be i f  th e  s t im u l i  were lo c a te d  a long  an u n s p e c i f i e d  s c a l e  s i m i l a r  
to  t h a t  shown below.
Male Baby Female
This  seems u n l i k e ly  f o r  a number o f  r e a s o n s .  F i r s t l y  t h e r e  i s  
s u b s t a n t i a l  ev idence  from s e v e r a l  o th e r  w orkers  t h a t  i n f a n t s  from 4 
t o  6 months o f  age can d i s c r im in a t e  between pho tographs  o f  m ales o r  
fem ales  and b a b ie s  o r  c h i ld r e n  n o t  p r e v io u s ly  known to  them (Fagan, 
1972; Lasky e t . a l . ,  1974; Bernard  and Ramey, 1977). S econdly , 
a l th o u g h  th e r e  i s  l i t t l e  s i g n i f i c a n t  v a r i a t i o n  w ith  age in  th e  
p r e s e n t  s e t  o f  d a ta ,  any d i f f e r e n t i a l  f i x a t i o n  between th e  s t i m u l i  
t h a t  d id  o ccu r  was more e v id e n t  i n  th e  younger th an  in  th e  o ld e r  
s u b j e c t s .  I t  seems u n l i k e ly  t h a t  i n f a n t s  move from a p o s i t i o n  o f  
r e l a t i v e l y  good d i s c r i m in a t io n  to  one o f  r e l a t i v e l y  p o o re r
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d i s c r i m in a t iv e  a b i l i t i e s ,  o ver  th e  p e r io d  o f  th r e e  to  tw elve 
months. Thus one can be c o n f id e n t  i n  conc lud ing  from t h i s  i n d i r e c t  
ev idence  t h a t  th e  s t im u l i  used  h e re  were n o t  in d i s c r im in a b le  from 
one a n o th e r .  The b ase s  o f  th e  d i s c r i m in a t io n  however a r e  only- 
assumed to  be gender and age . This  i s  an im p o r tan t  p o in t  and w i l l  
be r e tu rn e d  to  l a t e r  i n  th e  d i s c u s s io n .
In  summary th en  from th e  a n a ly s e s  o f  th e s e  c o n t r o l  t r i a l s  t h r e e  
p o in t  emerge -
(1) a s  i s  a l re a d y  w e l l  known, p o s i t i o n  b ia s  can 
be a problem in  p a i r e d  com parison d e s ig n s ,  
p a r t i c u l a r l y  w i th  younger age g roups ,  th u s  any 
a n a l y s i s  based  upon i n d i v i d u a l s  must have 
c o n t r o l s  f o r  r i g h t - l e f t  p la c in g  o f  th e  s t i m u l i .
(2 )  r e p e t i t i o n  o f  s t im u lu s  p a i r s  may n o t  n e c e s s a r i l y  
produce a r e p l i c a t i o n  o f  r e s u l t s  o b ta in e d  from th e  
f i r s t  p r e s e n ta t i o n .  I t  i s  u n j u s t i f i a b l e  t h e r e f o r e  
to  sim ply  sum o r  ave rage  t r i a l s  where one i s  
p r e s e n t in g  i d e n t i c a l  p a i r s ,  f o r  example i n  th e  
c o n t r o l  o f  p o s i t i o n  b ia s  c i t e d  above.
(3 )  d i f f e r e n t i a l  a t t r a c t i v e n e s s  o f  s t im u l i  i s  b o th  
age and s t im u lu s  p a i r  dependen t.  The two o ld e r  
age groups h e re  showed d i f f e r e n t i a l  f i x a t i o n  on ly  
under th e  m a le /fem ale  com parison and no group 
showed i t  under th e  fem ale /baby  p r e s e n t a t i o n s .
A ll  o f  th e s e  p o in t s  w i l l  be ta k en  accoun t o f  i n  th e  a n a l y s i s  o f  
th e  v o ic e  p r e s e n t a t i o n  t r i a l s  which w i l l  be d e a l t  w ith  n e x t .
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V oice T r ia ls
The prim ary  aim o f  t h i s  experim ent was to  i n v e s t i g a t e  w hether  
i n f a n t s  up to  12 months o f  age , d i r e c t  t h e i r  v i s u a l  a t t e n t i o n  to  
f a c e s  on th e  b a s i s  o f  an a u d i to r y  speech  s t im u lu s  t h a t  i s  
s im u l ta n e o u s ly  p r e s e n te d .  That i s  when p re se n te d  w ith  two f a c e s  
w i l l  th e y  look  a t  th e  one 'a p p r o p r i a t e '  to  th e  v o ice  p r e s e n te d .
The s im p le s t  way o f  lo o k in g  a t  t h i s  h y p o th e s i s  i s  to  compare 
th e  mean t o t a l  f i x a t i o n  tim es to  th e  fa c e  a p p r o p r ia te  to  th e  v o ic e  
w i th  th e  mean t o t a l  f i x a t i o n  tim es  to  th e  a l t e r n a t i v e  f a c e  
s t im u lu s .  A ccord ing ly  a f i v e  f a c t o r  ANOVA was c a r r i e d  ou t w i th  Age 
(4  l e v e l s )  a s  an independen t group f a c t o r  and S tim ulus  P a i r  (3  
l e v e l s ) ,  T r i a l  S e t (2 l e v e l s ) ,  Voice (2 l e v e l s )  and Isomorphism (2 
l e v e l s  -  a p p r o p r ia te  v e rs u s  in a p p r o p r i a t e  f a c e )  a s  r e p e a te d  
m easures f a c t o r s .  The Voice f a c t o r  a l th o u g h  in c lu d e d  i n  th e  
d e s ig n ,  i s  a s l i g h t l y  d i f f e r e n t  f a c t o r  from th e  o th e r s  ( s t r i c t l y  
sp eak in g  i t  i s  a n e s te d  f a c t o r ) , i n  t h a t  v o ic e  1 i s  n o t  i d e n t i c a l  
a c ro s s  a l l  th e  S tim ulus  P a i r  c o n d i t io n s .  Voice 1 i n  th e  
m a le /fem ale  p a i r i n g  i s  th e  male v o ic e ,  v o ic e  2 -  th e  fem ale v o ic e ;  
v o ic e  1 i s  a l s o  th e  male v o ic e  i n  th e  m ale/baby p a i r i n g ,  v o ic e  2 -  
th e  baby v o ic e ,  and f i n a l l y  v o ic e  1 i n  th e  fem ale /baby  p a i r i n g  i s  
th e  fem ale  v o ic e  and v o ic e  2 th e  b a b y 's .  The o rd e r in g  o f  th e  
v o ic e s  does n o t  r e f l e c t  th e  o rd e r  i n  which th e y  were p r e s e n te d  
d u r in g  th e  t r i a l s .  Thus no s u b s t a n t iv e  meaning can be a t t a c h e d  to  
t h i s  f a c t o r ,  and i t  w i l l  n o t  be c o n s id e re d  in  th e  d i s c u s s io n  o f  th e  
r e s u l t s .  There were two s i g n i f i c a n t  main e f f e c t s ,  t h a t  o f  Age (F= 
5 .6 1 ;  d . f .=  3 ,36 ;  p<0.005) and T r i a l  S e t  (F= 5 .5 4 ;  d . f . =  1 ,3 6 ;
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p<0 .025).  There were a l s o  two s i g n i f i c a n t  i n t e r a c t i o n s ,  Age by 
S tim ulus  P a i r  (F= 3*34; d . f . =  6 ,7 2 ;  p<O.Ol) and Age by S tim ulus
P a i r  by T r i a l  S e t (F= 2 .3 1 ;  d . f . =  6 ,7 2 ;  p < 0 .0 5 ) .  The mean v a lu e s
f o r  t h i s  i n t e r a c t i o n  a r e  shown i n  Table 5 .6 .  This  i s  a d i f f i c u l t  
i n t e r a c t i o n  to  i n t e r p r e t  and w i l l  n o t  be pursued  in  much d e t a i l ;  
b a s i c a l l y  th e  e f f e c t  i s  t h a t  th e  t h r e e  month o ld  group show 
c o n s i s t e n t l y  lo n g e r  f i x a t i o n  tim es  on th e  f i r s t  n in e  t r i a l s  th a n  
th e y  do on th e  second n in e  t r i a l s  over a l l  th e  S tim ulus  P a i r s ,  bu t 
th e  o ld e r  groups do n o t  show t h a t  c o n s i s t e n t  p a t t e r n .  In  
p a r t i c u l a r ,  i n  th e  m a le /fem ale  p r e s e n ta t i o n s  th e  o ld e r  i n f a n t s  show 
lo n g e r  f i x a t i o n s  on th e  second b lo ck  o f  t r i a l s  th a n  th e y  do on th e  
f i r s t .
S tim ulus  P a i r  
Male/Female Male/Baby Female/Baby
Age 1 s t  S e t 2nd Set 1 s t  S e t 2nd S e t 1 s t  Set 2nd Se-
3 months 11.95 10.60 11.36 10.80 11.25 11.13
6 months 9 .68 10.17 9.53 8.85 10.28 9.13
9 months 7 .59 8 .47 9.38 8 .7 0 9-78 8 .62
12 months 7 .07 7 .69 8 .8 8 9.06 9.67 7.95
Table 3*6 Mean d u r a t io n  o f  t o t a l  f i x a t i o n  to  each s t im u lu s  
under  th e  Voice c o n d i t io n s  o f  Experiment 3*
The main e f f e c t s  f o r  Age and T r i a l  S e t  a r e  e a s i l y  i n t e r p r e t a b l e .  
The o ld e r  i n f a n t s  look  a t  th e  s t im u l i  l e s s  th a n  do th e  younger 
i n f a n t s  ( th e  mean v a lu e s  a r e  3 months= 11.18 seconds , 6 months= 
9.61 seconds ,  9 months= 8 .9 9  seconds ,  12 months= 8 .3 9  seconds)  and 
o v e r a l l  i n f a n t s  look  lo n g e r  d u r in g  th e  f i r s t  s e t  o f  t r i a l s  th a n  
th e y  do d u r in g  th e  second s e t  (9»82 seconds v e r s u s  9*26 s e c o n d s ) .
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However th e  im p o r ta n t  p o in t  about t h i s  a n a l y s i s  i s  t h a t  th e r e  i s  no 
s i g n i f i c a n t  e f f e c t  f o r  isomorphism o r  i n t e r a c t i o n  w ith  any o th e r  
f a c t o r .  T h e re fo re  t h e r e  i s  no ev idence  to  su g g es t  t h a t  i n f a n t s  
w i l l  look  to  th e  a p p r o p r ia te  fa c e  when a v o ic e  o f  a p a r t i c u l a r  sex 
i s  p la y ed .  However, s in c e  t h i s  a n a l y s i s  confounded th e  v o ic e  
p r e s e n ta t i o n s  a c ro s s  th e  s t im u lu s  p a i r s  ( i . e .  v o ic e  1 b e in g  
d i f f e r e n t  a c ro s s  c o n d i t io n s )  i t  could  be th e  case  t h a t  i n f a n t s  were 
re spond ing  a p p r o p r i a t e l y  under one o f  th e  v o ic e s  w i th in  a p a i r  b u t  
n o t  th e  o th e r .  S ince  i t  seemed l i k e l y  from th e  s t u d i e s  p r e v io u s ly  
c i t e d  t h a t  s t im u lu s  s e l e c t i o n  might be dependent on th e  p a r t i c u l a r  
a u d i to r y  s t im u lu s  u sed ,  a second s e t  o f  a n a ly se s  was c a r r i e d  ou t on 
each fa c e  p a i r  s e p a r a t e ly .  This  a l s o  a l lo w s  f u r t h e r  i n v e s t i g a t i o n  
o f  th e  Age by S tim ulus  P a i r  by T r i a l  S e t i n t e r a c t i o n  m entioned 
above. F or each S tim ulus  P a i r  com bination  a fo u r  f a c t o r  ANOVA was 
completed w ith  Age as  th e  independen t f a c t o r  and T r i a l  S e t ,  Voice 
and Face a s  th r e e  r e p e a te d  measure f a c t o r s .  I f  th e  i n f a n t s '  v i s u a l  
s e l e c t i o n  i s  governed by th e  v o ic e  p re s e n te d  th e n  t h i s  should  be 
r e v e a le d  as  a s i g n i f i c a n t  i n t e r a c t i o n  between th e  Voice and Face 
f a c t o r s .
Male v e r s u s  Female
This a n a l y s i s  showed on ly  one s i g n i f i c a n t  main e f f e c t ,  t h a t  f o r  
Age (F= 9-18 ; d . f . =  3>36; p<0.005) and one i n t e r a c t i o n  which was
j u s t  below s ig n i f i c a n c e  a t  th e  0 .05  l e v e l  -  T r i a l  S e t by Voice by 
Face (F= 4*06; d . f . =  1 ,3 6 ) .  The Age e f f e c t  i s  e a s i l y
i n t e r p r e t a b l e ,  th e  younger age groups f i x a t e  each s t im u lu s  more 
th a n  do th e  o ld e r  s u b je c t s .  The mean v a lu e s  i n  seconds were 11.28
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f o r  th e  3 months group, 9 .22  f o r  th e  6 months group, and 8 .7 5  and 
7.41 f o r  th e  9 and 12 month o ld s  r e s p e c t i v e l y .  However, i t  i s  th e  
i n t e r a c t i o n  te rm  t h a t  i s  by f a r  th e  more i n t e r e s t i n g .  Table 5*7 
shows th e  mean v a lu e s  f o r  t h i s  com bination  o f  f a c t o r s .  The n a tu re  
o f  th e  i n t e r a c t i o n  i s  b e s t  i n v e s t i g a t e d  by examining each h a l f  o f  
th e  experim en t s e p a r a t e ly .  On th e  f i r s t  n in e  t r i a l s  i t  can be seen  
t h a t  when th e  male v o ic e  was p r e s e n te d  th e  i n f a n t s  p red o m in an tly  
f i x a t e d  th e  male f a c e ,  9*77 seconds v e rs u s  8 .5 7 ,  w hereas when th e  
fem ale  v o ic e  was p re s e n te d  th e  p r e f e r e n c e  was r e v e r s e d .  Thus th e r e  
c e r t a i n l y  seems to  be some ev idence  from t h i s  p a r t ,  o f  th e  a u d i to r y  
s t im u lu s  hav ing  an in f lu e n c e  on v i s u a l  s e l e c t i o n .  However, when 
one comes to  c o n s id e r  th e  second n in e  t r i a l s  th e  e f f e c t  d i s a p p e a r s  
a l t o g e t h e r .  Thus from t h i s  p a i r  o f  s t im u l i  th e  ev idence  i s  v e ry  
s c a n ty  indeed  in  su p p o r t  o f  th e  h y p o th e s i s  t h a t  i n f a n t ' s  a t t e n t i o n  
to  th e s e  com binations  o f  f a c e s  was b e in g  guided by th e  v o ic e  
p re s e n te d .
Male Voice Female Voice
T r i a l s  Male Face Female Face Male Face Female Face
1 s t  S e t 9 .77  8 .57  8 .4 4  11.08
2nd S e t 8 . 3 2  10.17 9-30 9 .14
Table 5*7 Mean t o t a l  f i x a t i o n  to  th e  male and fem ale f a c e s  
under  th e  Voice c o n d i t io n s  f o r  each h a l f  o f  Experiment 3, combined 
over age .
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Male versu s Baby
This second a n a l y s i s  o f  v a r ia n c e  produced two s i g n i f i c a n t  main 
e f f e c t s  -  Age (F= 2 .8 7 ;  d . f . =  3 ,3 6 ; p < 0 .05 ) ,  Voice (F= 6 .4 1 ;
d . f . =  1 ,36 ; p<0.025) and one s i g n i f i c a n t  i n t e r a c t i o n  Age by Voice
(F= 9 »84; d . f . =  3 ,3 6 ;  p < 0 .0 0 l ) .  However, th e  i n t e r a c t i o n  between
Face and Voice d id  n o t  even approach  s ig n i f i c a n c e .  Table 5*8 shows 
th e  Age by Voice i n t e r a c t i o n .  There i s  a change in  t h a t  w ith  
i n c r e a s in g  age th e  i n f a n t s  s h i f t  from f i x a t i n g  b o th  f a c e s  more 
under  th e  male v o ic e  th a n  under  th e  baby v o ic e  a t  th r e e  months to  
f i x a t i n g  more under th e  baby v o ic e  a t  tw elve months. However, 
u n l ik e  th e  m a le /fem ale  com parison th e r e  i s  no ev idence  a t  a l l  f o r  
th e  s e l e c t i o n  o f  a p a r t i c u l a r  v i s u a l  s t im u lu s  b e in g  c o n t r o l l e d  o r  
in f lu e n c e d  by th e  a u d i to r y  s t im u lu s .
Voice
Age__________ Male Baby
3 months 11.64 10.53
6 months 9* 22 9*16
9 months 8 .4 9  9*59
12 months 7 .6 0  10.35
Table 5*8 Mean t o t a l  f i x a t i o n  to  th e  male and baby f a c e s  under  
th e  Voice c o n d i t io n s  o f  Experiment 3«
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Female versu s Baby
The l a s t  p a i r  o f  s t im u l i  produced th e  fo l lo w in g  s i g n i f i c a n t  
e f f e c t s  -  Age (F= 3-99; d . f . =  3 ,3 6 ;  p<O.Ol), Voice (F=6.14;
d . f . =  1 ,36 ; p<0.025) and an Age by Voice i n t e r a c t i o n  (F= 4-22 ;
d . f .=  3 ,3 6 ;  p<0.025) and an a d d i t i o n a l  main e f f e c t  f o r  T r i a l  S e t
(F=13-04 ; d . f . =  1 ,3 6 ;  p < 0 .0 0 l ) .  This  l a t t e r  r e s u l t  i s  s im ply  a
d e c re a se  i n  mean f i x a t i o n  to  each  s t im u lu s  p e r  t r i a l  from 10.24 
seconds d u r in g  th e  f i r s t  n in e  t r i a l s  to  9•21 seconds d u r in g  th e  
l a s t  n in e  t r i a l s ,  a s im ple h a b i t u a t i o n  o r  f a t i g u e  e f f e c t .  Table 
5*9 d e t a i l s  th e  mean v a lu e s  f o r  th e  Age by Voice i n t e r a c t i o n .  
Again th e r e  i s  a s h i f t  w ith  age such t h a t  v i s u a l  p r e f e r e n c e  moves 
from b e in g  l a r g e r  under th e  a d u l t  v o ic e  ( i n  t h i s  case  th e  woman's) 
in  th e  younges t age group to  be ing  l a r g e r  under  th e  b a b y 's  v o ic e  i n  
th e  o ld e r  g roups . However, a g a in  t h e r e  i s  no ev idence  o f  a 
s i g n i f i c a n t  i n t e r a c t i o n  i n d i c a t i n g  s e l e c t i v e  v i s u a l  p ro c e s s in g  in  
r e l a t i o n  to  th e  a u d i to r y  s t im u lu s .
Voice
Age_________Female_____ Baby
3 months 11.64 10.74
6 months 9*22 10.19
9 months 8 .2 8  10.12
12 months 8 .3 8  9*25
Table 5*9 Mean t o t a l  f i x a t i o n  to  th e  fem ale and baby f a c e s  
under th e  Voice c o n d i t io n s  o f  Experiment 3*
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The amount o f  tim e th e  i n f a n t  views each s t im u lu s  u nder  th e  
v o ic e  c o n d i t io n s  o f  t h i s  experim en t can be seen  a s  c o n s i s t i n g  o f  a t  
l e a s t  two components. The f i r s t  o f  th e s e  be ing  th e  tendency  ( i f  
any) to  look  a t  th e  f a c e  a s s o c i a t e d  w ith  th e  v o ic e  be ing  p r e s e n te d .  
The second component i s  th e  r e l a t i v e  p re fe re n c e  o r  a t t r a c t i v e n e s s  
o f  each  s t im u lu s .  The a n a ly s e s  conducted so f a r  do n o t  ta k e  
accoun t t h i s  second component. However, th e  s i l e n t  t r i a l s  p ro v id e  
a measure o f  th e  d i f f e r e n t i a l  a t t r a c t i v e n e s s  o f  each fa c e  s t im u lu s  
i n  each  p a i r i n g  uncontam ina ted  by th e  e f f e c t  o f  th e  v o ic e  s t im u lu s .  
A ccord ing ly  th e n  a f u r t h e r  s e t  o f  ANOVA's were c a r r i e d  ou t t h a t  
in c lu d e d  th e  d a ta  from th e  S i l e n t  t r i a l s .  I f  th e  i n f a n t s  s h i f t  th e  
d i s t r i b u t i o n  o f  t h e i r  f i x a t i o n  to  th e  a p p r o p r ia t e  fa c e  un d er  a 
p a r t i c u l a r  v o ic e  c o n d i t io n  compared w ith  th e  d i s t r i b u t i o n  un d er  th e  
s i l e n t  t r i a l  f o r  t h a t  p a i r  o f  f a c e s  th en  t h a t  would be ev idence  f o r  
th e  a s s o c i a t i o n  o f  th e  fa c e  and v o ic e .  The im p o r tan t  p o in t  i s  t h a t  
now th e  i n f a n t s  a r e  n o t  r e q u i r e d  to  view th e  a p p r o p r ia t e  f a c e  
lo n g e r  th a n  th e  in a p p r o p r i a t e  f a c e ,  o n ly  to  s h i f t  tow ards lo o k in g  
a t  i t .  Thus a g a in  f o r  each s t im u lu s  com bination  a f o u r  f a c t o r  
ANOVA s i m i l a r  to  th o se  j u s t  d e s c r ib e d  was c a r r i e d  o u t .  In  t h i s  
case  however t h e  Voice f a c t o r  now has  3 l e v e l s  r a t h e r  th a n  2.
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S ile n t  and Voice T r ia ls
Male v e r s u s  Female
This r e v e a le d  a main e f f e c t  f o r  Age (F= 7*98; d . f . =  3 ,36;
P<0.001),  T r i a l  S e t  (F= 6 .72; d . f . =  1,36; p<0.025) and Face (F=
4*50; d . f . =  1,36;  p<0.05) and a s i g n i f i c a n t  T r i a l  S e t by Voice
i n t e r a c t i o n  (F= 6.33;  d . f . =  2 ,72;  p<0.005)» The main e f f e c t s  a r e
s i m i l a r  to  th o se  a l r e a d y  d e s c r ib e d ,  th e  younger i n f a n t s  f i x a t e  th e  
s t im u l i  lo n g e r  th a n  do th e  o ld e r  i n f a n t s ,  th e  mean v a lu e s  f o r  th e  
3,  6, 9 and 12 month o ld  groups b e in g  11.06,  9«78, 8 .75  and 7*52
seconds; lo n g e r  f i x a t i o n s  on th e  f i r s t  b lock  o f  n in e  t r i a l s  th a n  
on th e  second n in e ,  9*72 v e r s u s  8 .89  seconds and an o v e r a l l  
p r e fe re n c e  f o r  th e  fem ale  f a c e ,  10.01 seconds a s  a g a i n s t  8.61  
seconds f o r  th e  male f a c e .  Table 5*10 shows th e  T r i a l  S e t by Voice 
i n t e r a c t i o n ,  th e  e f f e c t  be ing  due to  th e  r e v e r s a l  o f  th e  u s u a l  
T r i a l  S e t  e f f e c t  f o r  th e  male v o ic e  p r e s e n t a t i o n s  where t h e r e  were 
lo n g e r  f i x a t i o n s  on th e  second p r e s e n t a t i o n .  There was no ev id en ce  
o f  any i n t e r a c t i o n  between th e  Voice and Face f a c t o r s  and t h e r e f o r e  
no ev idence  o f  a s h i f t  i n  p r e fe re n c e  v a lu e s  ex p ressed  in  th e  s i l e n t  
t r i a l s  upon p r e s e n t a t i o n  o f  e i t h e r  th e  male o r  fem ale v o ic e .
Voice
T r i a l s  S i l e n t  Male Female
1 s t  S e t  10.28 9*17 9*76
2nd S e t  8 .22  9-24 9-22
Table 5*10 Mean t o t a l  f i x a t i o n  to  th e  male and fem ale f a c e s  f o r  
th e  S i l e n t  and Voice c o n d i t io n s  o f  Experiment 3*
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Male versu s Baby
There were s i g n i f i c a n t  main e f f e c t s  f o r  Age (F= 4*00; d . f . =
3 ,3 6 ;  p< 0 .025) ,  T r i a l  S e t  (F=16 .3 1 ;  d . f .= 1 ,36 ;  p < 0 . 0 0 l ) a n d
Voice (F= 5*69; d . f . =  2 ,7 2 ;  p < 0 .0 l)  and one s i g n i f i c a n t
i n t e r a c t i o n  T r i a l  S e t  by Voice (F= 2 .5 9 ; d . f . =  2 ,7 2 ;  p < 0 .0 0 l ) .
The Age and T r i a l  S e t  e f f e c t s  were a s  d e s c r ib e d  f o r  th e  m a le /fem ale  
p a i r  -  th e  3 month o ld  group look  lo n g e s t  a t  th e  s t im u l i  and th e  12 
month o ld  group look  l e a s t .  The mean v a lu e s  f o r  th e  g roups a r e  
11 .18 , 9*69, 9*33 and 8 .97  seco n d s .  Table 5*11 shows th e  T r i a l  S e t  
by Voice i n t e r a c t i o n ,  which ap p e a rs  to  be due to  th e  l a r g e r  
d i f f e r e n c e  between th e  f i r s t  and second s e t  o f  t r i a l s  i n  th e  S i l e n t  
c o n d i t io n  th a n  under  e i t h e r  o f  th e  Voice c o n d i t io n s .  Again o v e r a l l  
i n f a n t s  view th e  s t im u l i  lo n g e r  on th e  f i r s t  n in e  t r i a l s  th a n  th e y  
do on th e  second n in e  t r i a l s .  Furtherm ore  th e y  look  l e s s  a t  th e  
s t im u l i  d u r in g  th e  male v o ic e  p r e s e n t a t i o n s  th a n  th e y  do under th e  
o th e r  c o n d i t io n s .  Again th e r e  i s  no s u g g e s t io n  o f  a s i g n i f i c a n t  
i n t e r a c t i o n  t h a t  would be ev idence  o f  s e l e c t i v e  f i x a t i o n  o f  th e  
f a c e s  due to  th e  v o ic e  p r e s e n t a t i o n .
Voice
T r i a l s  S i l e n t  Male Baby
1 s t  S e t  11.12 9-43 10.14
2nd S e t 9*38 9-04 9*66
10.25 9-23 9 .90
Table 5»11 Mean t o t a l  f i x a t i o n  to  th e  male and baby f a c e s  f o r  
th e  S i l e n t  and Voice c o n d i t io n s  o f  Experim ent 3*
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Female versu s Baby
Here th e r e  were s i g n i f i c a n t  main e f f e c t s  f o r  Age (F= 3 .9 2 ;
d . f .=  3 ,3 6 ;  p<0.025 ) ,  T r i a l  S e t (F=37*76; d . f . =  1 ,36 ; p < 0 .0 0 l)
and a s i g n i f i c a n t  T r i a l  Set by Voice i n t e r a c t i o n  (F= 4*52; d . f . =
2 ,7 2 ;  p< 0 .025) .  Table 5*12 shows th e  mean v a lu e s  f o r  th e  T r i a l
S e t and Voice c o n d i t io n s .  Here th e  i n t e r a c t i o n  i s  between th e  
S i l e n t  and Female v o ic e  c o n d i t io n s  which show a l a r g e r  d i f f e r e n t i a l  
between th e  f i r s t  and second b lo c k  o f  t r i a l s  th a n  does th e  Baby 
v o ic e  c o n d i t io n .  Again th e  Age and T r i a l  S e t  e f f e c t s  a r e  a s  
b e fo r e ,  th e  o ld e r  an i n f a n t  i s  th e n  th e  l e s s  he f i x a t e s  th e  
s t i m u l i ,  th e  mean v a lu e s  f o r  th e  3, 6, 9 and 12 month g roups b e in g  
11*09, 9*52, 9*54 and 8 .85  seconds  and g e n e r a l ly  more f i x a t i o n  on
th e  f i r s t  n in e  t r i a l s  th an  on th e  l a s t  n in e  t r i a l s ,  10.34 seconds 
v e r s u s  9*01 seconds .  As was th e  case  f o r  th e  m a le /fem ale  and
m ale/baby com parisons th e r e  i s  no ev idence  o f  a s h i f t  tow ards
s e l e c t i o n  o f  th e  a p p r o p r ia te  fa c e  when a p a r t i c u l a r  v o ic e  i s  
p re s e n te d .
Voice
T r i a l s  S i l e n t  Female Baby
1 s t  S e t  11.00 10.08 10.40
2nd S e t 8 .62  8 .67  9*74
9*81 9*37 10.07
Table 5*12 Mean t o t a l  f i x a t i o n  to  th e  fem ale and baby f a c e s  f o r
th e  S i l e n t  and Voice c o n d i t io n s  o f  Experiment 3*
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D iscu ssion
Taken o v e r a l l  th e  r e s u l t s  from t h i s  experim ent p ro v id e  
v i r t u a l l y  no su p p o r t  f o r  th e  h y p o th e s i s  t h a t  young i n f a n t s  w i l l  
s e l e c t i v e l y  a t t e n d  to  a f a c e  which i s  age and gender a p p r o p r ia t e  to  
a s im u l ta n e o u s ly  o c c u r r in g  v o ic e .  Only in  one p a r t i c u l a r  case  was 
th e r e  any p o s i t i v e  su p p o r t  f o r  th e  h y p o th e s i s .  For th e  m a le /fem ale  
p a i r i n g ,  d u r in g  th e  f i r s t  s e t  o f  t r i a l s ,  i n f a n t s  looked more a t  th e  
male fa c e  th a n  th e  female d u r in g  th e  male v o ic e  p r e s e n t a t i o n ,  and 
more a t  th e  fem ale f a c e  d u r in g  th e  fem ale v o ic e  p r e s e n t a t i o n .  
However, on th e  second run  o f  th e s e  t r i a l s  when th e  r i g h t / l e f t
p o s i t i o n  o f  th e  f a c e s  was r e v e r s e d ,  t h a t  s e l e c t i v e  f i x a t i o n
d is a p p e a re d .  Spelke (1976) found a s i m i l a r  e f f e c t  i n  one o f  h e r  
e a r l y  ex p er im en ts ,  t h a t  i s  much l e s s  v i s u a l  s e l e c t i o n  based  on 
a u d i to r y  c h a r a c t e r i s t i c s  when r i g h t / l e f t  p o s i t i o n  o f  th e  v i s u a l  
s t i m u l i  was c o n t r o l l e d  w i th in  a s  w e l l  as  between s u b j e c t s .  T h is  
r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  I f  t h i s  were to  prove a r e l i a b l e  
and ro b u s t  e f f e c t  th en  i t  s u g g e s ts  t h a t  i n f a n t s ,  a l th o u g h  th e y  may 
be b a s in g  t h i s  i n i t i a l  s e l e c t i o n  on th e  q u a l i t a t i v e  f e a t u r e s  o f  th e  
c ross-m odal in fo rm a t io n ,  a r e  p ro b ab ly  b a s in g  t h e i r  su b seq u en t
re sp o n se  and s e a rc h  s t r a t e g i e s  on a s p a t i a l  b a s i s .  That i s  lo o k in g
to  th e  p o s i t i o n  where th e y  l a s t  found th e  a p p r o p r ia te  o b j e c t .  Note 
t h a t  a s e a rc h  s t r a t e g y  o f  t h i s  s o r t  would be em in en tly  s e n s i b l e  f o r  
th e  k ind  o f  ex p e r im en ta l  s i t u a t i o n s  used  i n  t h i s  a r e a  o f  
i n v e s t i g a t i o n ,  s in c e  in  a l l  o f  th e s e  s t u d i e s  th e  s p a t i a l  
in fo rm a t io n  d e r iv e d  from th e  a u d i to r y  s t im u lu s  i s  ambiguous w i th  
r e s p e c t  to  th e  l o c a t i o n  o f  th e  o b je c t .  At l e a s t  i t  would be a 
s e n s ib l e  s t r a t e g y  i f  i t  were n o t  f o r  th e  ex p e r im en te r  c o n t i n u a l l y
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s h i f t i n g  th e  p o s i t i o n s  o f  th e  o b j e c t s .  The m e th o d o lo g ica l  
im p l i c a t io n s  o f  t h i s  a r e  s u b s t a n t i a l .  Most experim en ts  a t te m p t  to  
c o n t r o l  f o r  p o s i t i o n  b i a s ,  which a s  th e  a n a l y s i s  o f  th e  s i l e n t  
t r i a l s  h e re  dem o n stra ted ,  can be q u i t e  marked in  in fa n c y .  The 
s u g g e s t io n  i s  t h a t  th e s e  c o n t r o l s  may a c t u a l l y  d e s t ro y  o r  i n h i b i t  
th e  e f f e c t  we a r e  t r y i n g  to  uncover.  F u r th e r ,  i t  a l s o  q u e s t io n s  
th e  u se  o f  m u l t i - s t im u lu s  d e s ig n s  l i k e  Experiment 3, where a s e t  o f  
t h r e e  s t im u l i  was p re s e n te d  in  p a i r s .  One might w e ll  have th e  case  
where th e  i n f a n t  i s  p r e s e n te d  w ith  one p a i r  and a s in g l e  v o ic e  -  
a c t s  a p p r o p r i a t e l y  and s e t s  up h i s  s p a t i a l  r e f e r e n c e  system . 
E v e n tu a l ly  a lo n g  comes a d i f f e r e n t  p a i r  w ith  t h a t  same v o ic e .  
Whether o r  n o t  th e  i n f a n t  responds  a p p r o p r i a t e l y  w i l l  th e n  depend 
on w hether th e  o b je c t s  f a l l  i n t o  h i s  p r e v io u s ly  c o n s t r u c te d  
r e f e r e n c e  system  in  th e  same manner a s  b e fo r e ,  t h a t  i s  w i th  th e  
common o b je c t  i n  th e  same l o c a t i o n .  Some o f  th e s e  p o in t s  w i l l  be 
co n s id e re d  and taken  accoun t o f  i n  th e  fo l lo w in g  experim en t.
Thus th e  r e s u l t s  from Experiment 3 must i n e v i t a b l y  r a i s e  th e  
q u e s t io n  o f  w hether  th e  i n f a n t ,  even a t  tw elve months o f  age i s  
unab le  to  choose th e  a p p r o p r ia te  f a c e  s t im u lu s  o r  w he ther  th e  
methodology employed i s  n o t  s e n s i t i v e  enough to  r e v e a l  th e s e
p a r t i c u l a r  c a p a b i l i t i e s .  I t  could  be th e  case  t h a t  th e
e x p e r im e n ta l  s e t  up w ith  s t i l l  f a c e s  and disem bodied v o ic e s  
d i s r u p t s  th e  e x p e c ta n c ie s  t h a t  th e  i n f a n t  may have about s t i m u l i  o f  
t h i s  ty p e .  A l t e r n a t i v e l y ,  i t  may be th e  case  t h a t  some o th e r
f a c t o r  i s  r e s p o n s ib le .  One way o f  t e s t i n g  th e  adequacy o f  th e  
e x p e r im e n ta l  p rocedure  would be to  make th e  experim en t more
e c o l o g i c a l l y  v a l i d  o r  ' l i f e - l i k e ' .  However a s  was o u t l in e d  i n  th e
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I n t r o d u c t io n  to  t h i s  c h a p te r ,  a t  th e  tim e th e  experim en t was 
conducted i t  was t e c h n i c a l l y  im p o ss ib le  to  in t ro d u c e  m o d i f ic a t io n s  
t h a t  would n o t  a l s o  in t ro d u c e  o th e r  v i o l a t i o n s  o f  th e  ' n a t u r a l '  
s i t u a t i o n ,  e i t h e r  u s in g  l i v e  models o r  u s in g  dubbing and e d i t i n g  
f a c i l i t i e s  on v id e o - ta p e d  r e c o r d in g s .  The a l t e r n a t i v e  approach  i s  
to  v e r i f y  th e  methodology u s in g  th e  same te c h n iq u e s  b u t p r e s e n t in g  
th e  i n f a n t  w i th  an o b s te n s ib ly  e a s i e r  t a s k  to  perform . This  second 
approach  was t r i e d  i n  th e  fo l lo w in g  experim en t.
Experiment 3b.
I t  was argued  t h a t  one rea so n  f o r  th e  la c k  o f  p o s i t i v e  r e s u l t s  
i n  th e  p re v io u s  experim ent could  have been due to  th e  'u n n a t u r a l '  
p r e s e n t a t i o n  o f  th e  s t i m u l i .  I t  could  a l s o  be argued  t h a t  th e  la c k  
o f  r e s u l t s  was due to  th e  i n a b i l i t y  o f  th e  i n f a n t s  to  a s s ig n  th e  
v i s u a l  a n d /o r  a u d i to r y  s t im u l i  to  th e  a p p r o p r ia te  age and gender  
c a t e g o r i e s ,  t h a t  i s  t h a t  i t  ta k e s  tim e f o r  th e  i n f a n t  to  p ro c e s s  
th e  f a c e s  and v o ic e s  and l i n k  them to  p a r t i c u l a r  age and sex g roups 
b e fo re  e l i c i t i n g  th e  s e l e c t i v e  v i s u a l  b eh av io u r .  I f  t h i s  were th e  
case  th e n  th e r e  should  have been more ev idence  o f  th e  a p p r o p r i a t e  
v i s u a l  s e l e c t i v i t y  i n  Experiment 3 d u r in g  th e  second s e t  o f  t r i a l s .  
This  was n o t  th e  c a se .  However, a more d i r e c t  way o f  o b v ia t in g  
t h i s  c r i t i c i s m  would be to  use  s t im u lu s  m a t e r i a l s  v e ry  f a m i l i a r  to  
th e  i n f a n t ,  i n  t h i s  way n e g a t iv e  r e s u l t s  could n o t  be a t t r i b u t e d  to  
th e  la c k  o f  o p p o r tu n i ty  f o r  d i s c r i m in a t io n  between th e  d i f f e r e n t  
e lem en ts  o f  th e  s t im u lu s  com bina tions .  C onsequen tly , i t  was 
dec ided  to  run  a s m a l le r  p i l o t  v e r s io n  o f  Experiment 3 b u t  p r e s e n t
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th e  i n f a n t s  w ith  p i c t u r e s  and v o ic e s  o f  t h e i r  own p a r e n t s .  Thus i f  
i n f a n t s  have th e  c a p a c i ty  to  s e l e c t i v e l y  a t t e n d  to  th e  more 
a p p r o p r ia t e  f a c e  s t im u lu s  upon p r e s e n t a t i o n  o f  a p a r t i c u l a r  v o ic e  
th e n  i t  would seem re a s o n a b le  t h a t  t h i s  should  be e l i c i t e d  w ith  
such f a m i l i a r  s t i m u l i .  Independen t su p p o r t  f o r  t h i s  l i n e  o f  
re a s o n in g  comes from Spelke and Owsley (1979) whose s u b je c t s  showed 
a tendency  to  a t t e n d  s e l e c t i v e l y  to  t h e i r  p a r e n t s  und er  l i v e  
c o n d i t io n s .
S u b je c ts
Seven i n f a n t s  between th e  ages  o f  t h i r t y - tw o  and t h i r t y - s e v e n  
weeks o f  age were r e c r u i t e d  in  a manner i d e n t i c a l  to  t h a t  d e s c r ib e d  
f o r  th e  o th e r  ex p e r im en ts .  There were f i v e  male i n f a n t s  and two 
fem ale i n f a n t s .  The mean age was 35*06 weeks ( s . d .  = 1 .80  w eeks) .
Two i n f a n t s  d id  n o t  com plete th e  e n t i r e  p ro ced u re ,  b o th  fu s s e d  
u n c o n t r o l l a b l y  d u r in g  th e  second h a l f  o f  th e  experim en t.  T h is  age 
group was s e l e c t e d  as  comparable t o ,  a l th o u g h  s l i g h t l y  o ld e r  th a n ,  
th e  age g roups used in  o th e r  s i m i l a r  s t u d i e s  (Cohen, 1974; Lasky 
e t . a l . ,  1974; S pe lke , 1976; Spelke  and Owsley, 1979) r e p o r t i n g  
p o s i t i v e  r e s u l t s  f o r  t h i s  type  o f  i n v e s t i g a t i o n .
S t im u l i  and A pparatus
The equipment used was i d e n t i c a l  to  t h a t  d e s c r ib e d  f o r  
Experiment 3* The s t im u l i  were co lo u red  t r a n s p a r e n c ie s  o f  a head 
and sh o u ld e rs  view o f  each c h i l d ’ s p a r e n t s .  The v o ic e  s t i m u l i  were 
o b ta in e d  by a sk in g  each p a r e n t  to  read  th e  p rep a red  s ta te m e n t  
reproduced  in  Appendix 1. Two o r  th r e e  r e c o rd in g s  were made o f
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each parent and the most relaxed and natural sounding example 
chosen as the stimulus tape. The parents were asked to read the 
statement as if they were actually talking to their child. 
Inevitably there was some variation in the lengths of the 
recordings, however none were shorter than thirty seconds.
Procedure
There were two blocks with three trials in each block. A 
silent trial and one with each of the voices. The spatial position 
of each face was constant within a block but changed across the 
blocks. Four subjects received the mother on the left and father 
on the right in the first block, the other three infants had the 
reverse pairing. The silent trial always came at the beginning of 
each block. However, the order of the voice trials was 
counterbalanced. Four subjects received the mother's voice trial 
before the father's in the first block and the reverse ordering in 
the second. The other three infants received the voices in the 
opposite order. As before the voices were replayed through two 
pairs of speakers, each pair appropriate to one of the screens. 
There was a ten second inter-trial interval.
Experimental control and the data recording devices were as 
described for the previous experiments except that all infants were 
seated in a modified infant high chair, rather than on the mother's 
lap. This was adopted to obviate any possible distress or surprise 
on the part of the child towards being both with 'mother' and also 
presented with a photograph of mother.
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R e s u l t s
Complete d a ta  f o r  each s u b je c t  i s  shown i n  Table 5*13» which 
g iv e s  th e  t o t a l  f i x a t i o n  tim e f o r  each t h i r t y  second t r i a l .  
A lthough th e  le n g th  o f  th e  v o ic e  t r i a l s  depended on how long  each 
p a re n t  took  to  read  th e  p rep a red  s c r i p t .  Only th e  f i r s t  t h i r t y  
seconds o f  th e  t r i a l  was used i n  th e  a n a l y s i s .
A ud ito ry  C ond it ion
S u b je c t T r i a l
S i le n c e  
Mother F a th e r
Mother
Mother
Voice
F a th e r
F a th e r
Mother
Voice
F a th e r
1 1 s t  
2nd
S et
S e t
7 .5
8 . 4
14.2
6 .5
10.6
4 .3
11.4
6 .9
16.9 
10 .0
5 .0  
9* 6
2 1 s t  
2nd
S et
S e t
14.1
8 .5
11.5
5 .5  '
10 .0
11.9
8 .0
11.9
10.5
3 .5
8.1
4 .2
3 1 s t  
2nd
S et
S e t
12.8 11.5 7 .9 2.1 4 .3 4 .9
4 1 s t
2nd
S et
Set
7 .6
9 .9
20.5
7 .8
9*6
9 .9
11.6
10.4
13.9
5 .0
11 .8
9 .2
5 1 s t  
2nd
S e t
S e t
21 .3 
14.9
2 .8
10.0
23 .2
15.4
4 .8
4 .9
1 .4
23.7
18.5 
2 .7
6 1 s t  
2nd
S e t
S e t
7 .5 10.6 5 .5 3 .4 4.1 6 .3
7 1 s t  
2nd
S e t
Set
7 .9
10 .8
19.9
8 .5
4.1
8 .2
13.6
8 .8
8 .8
6 .6
15.2
10 .4
(n=7)
(n=5)
1 s t  
2nd
S e t
Se t
11.24 
10.50
13.00 
7«66
10.13
9 .94 CO
 
• 
•
VJ
l 
00
 
00
8.56
9-76
9 .97
7 .22
Table 5* 13 T o ta l  f i x a t i o n  tim es  p e r t r i a l  f o r each s u b je c t
Experiment 3b.
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Two parametric analyses were carried out. Firstly a three 
factor ANOVA using the five subjects who completed both halves of 
the experiment with Trial Set, Auditory Condition and Parent as 
three repeated measures, and secondly a two factor ANOVA using all 
seven subjects but only the data from the first block of trials, 
with Auditory Condition and Parent as repeated measures. The first 
analysis on the complete data for five subjects revealed a 
significant main effect for Trial Set (F= 15*29; d.f.= 1 ,4 ;
p<0.025), such that the mean fixation time to each face was 11.48 
seconds on the first block of trials and 8.94 seconds on the second 
block - a habituation effect. There were no other significant main 
effects or interactions. The second analysis on only the first set 
of trials for all seven subjects revealed a significant main effect 
for Auditory Condition (F= 5*97; d.f.= 2 ,1 2 ;  p< 0 .025) ,  but no
other significant main effects or interactions. This Condition 
effect was such that the mean total fixation time per stimulus was 
12.12 seconds during the Silent trial, 8 .99  seconds during the 
Mother Voice trial and 9*26 seconds for the Father Voice trial. 
The difference between the Silent and the mean of the Voice 
conditions was significant (F= 5*935; d.f.= 1 ,12 ; p<0.05) with no
significant difference between the two Voice conditions. This 
finding is slightly surprising and will be examined in more detail 
in the following discussion.
In summary, there was again no evidence for selective visual 
attention dependent upon the particular auditory stimulus
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p re s e n te d ,  d e s p i t e  th e  h ig h  degree  o f  f a m i l i a r i t y  o f  th e  s t i m u l i .  
F u r th e r  a n a ly s e s  were c a r r i e d  out by t ra n s fo rm in g  each t o t a l  
f i x a t i o n  p e r  t r i a l  i n t o  a p e rc e n ta g e  o f  th e  t o t a l  tim e sp e n t  
v iew ing  bo th  p h o to g rap h s .  Again th e r e  was no ev idence  o f  
d i f f e r e n t i a l  f i x a t i o n  a c c o rd in g  to  th e  v o ic e  p r e s e n te d .  
Exam ination o f  each in d i v id u a l  s u b j e c t ' s  d a ta  shows on ly  one baby, 
s u b j e c t  5, who d is p la y e d  a p a t t e r n  o f  re sp o n se s  c o n s i s t e n t  w i th  th e  
o r i g i n a l  h y p o th e s i s  o f  d i f f e r e n t i a l  f i x a t i o n ,  view ing th e  f a c e  
a p p r o p r ia t e  to  th e  v o ic e  p r e s e n te d ,  and even t h a t  on on ly  th e  f i r s t  
t r i a l .
These r e s u l t s  le a d  i n e v i t a b l y  to  th e  c o n c lu s io n  t h a t  young 
i n f a n t s  o f  t h i s  age e i t h e r  canno t o r  w i l l  n o t  engage i n  s e l e c t i v e  
f i x a t i o n  o f  f a c e s  t h a t  i s  governed by a s im u l ta n e o u s ly  p re s e n te d  
vo ic e  o r  e l s e  t h a t  t h i s  p a r t i c u l a r  methodology i s  in a p p r o p r i a t e .  
C e r t a in ly  t h i s  p i l o t  experim ent d em o n s tra te s  t h a t  th e  n e g a t iv e  
r e s u l t s  from Experiment 3 canno t be a t t r i b u t e d  on ly  to  th e  r e l a t i v e  
u n f a m i l i a r i t y  o f  th e  s t im u lu s  i tem s  used .
D iscu ss io n  o f  Experim ents  3 and 3b.
The r a t i o n a l e  beh ind  th e  d e s ig n  o f  th e s e  two s t u d i e s  was th e  
i n v e s t i g a t i o n  o f  an a s s o c i a t i v e  i n t e g r a t i o n  o f  a u d i to r y  and v i s u a l  
in fo rm a t io n ,  in  which th e  s t im u lu s  sou rce  i n  one m o d a li ty  would 
have l in k e d  to  i t  in fo rm a t io n  o f  a p a r t i c u l a r  q u a l i t y  i n  th e  o th e r  
m o d a li ty .  In  th e  in s t a n c e s  used  above th e  common q u a l i t i e s  o f  th e  
two in fo rm a t io n  chan n e ls  were e i t h e r  gender o r  age i n  Experim ent 3 
and p a r e n t a l  s t a t u s  a n d /o r  gender i n  3b. In  n e i t h e r  case  was t h e r e
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ev idence  o f  v i s u a l  a t t e n t i o n  b e in g  de term ined  o r  even p r im a r i l y  
dependent on th e  q u a l i t y  o f  th e  a u d i to r y  s t im u lu s .  The p re v io u s  
ev idence  i n  su p p o r t  o f  th e  h y p o th e s i s  has  a l r e a d y  been d is c u s s e d  a t  
l e n g th  i n  th e  I n t r o d u c t io n  to  t h i s  c h a p te r  and was shown to  be 
e i t h e r  ex trem ely  f l im s y  (Lasky e t . a l . ,  1974; Cohen e t . a l . ,  1974) 
o r  to  be e q u iv o c a l  i n  te rm s o f  th e  b a s i s  on which th e
d i s c r i m in a t io n s  and s e l e c t i o n s  were made. The s tu d i e s  r e p o r te d  
h e re  re -em p h as ise  th e  d i f f i c u l t y  i n  e s t a b l i s h i n g  w hether i n f a n t s  up 
to  a y e a r  o ld  engage i n  a u d i o - v i s u a l  i n t e r g r a t i o n  o f  t h i s  ty p e .  
Note, however th e  r e s u l t s  a r e  n o t  s t r o n g  enough to  s u g g e s t  t h a t  
i n f a n t s  g e n e ra te  no c ross-m odal e x p e c ta n c ie s  about type  o r  q u a l i t y  
o f  in fo rm a t io n .
As has  a l r e a d y  been s t a t e d  t h e r e  a r e  two v a r i e t i e s  o f  
c o n c lu s io n ,  consequent upon th e  ev id en ce .  The f i r s t  i s  t h a t  
i n f a n t s  canno t o r  do n o t  g e n e ra te  a u d i o - v i s u a l  e x p e c ta n c ie s  o f  t h i s  
ty p e .  The second i s  t h a t  th e y  do have a t  some age l e v e l ,
e x p e c ta t io n s  r e l a t i n g  f a c e s  and th e  type  o f  v o ic e s  n o rm a lly  
a s s o c ia t e d  w ith  them, b u t  t h a t  th e s e  c a p a b i l i t i e s  a r e  n o t  r e v e a l in g  
them selves  i n  th e  b eh av io u r  e l i c i t e d  i n  th e  s t u d i e s  to  d a t e .  Each 
o f  th e s e  p o s s i b i l i t i e s  w i l l  be d is c u s s e d  i n  tu r n .
R e-exam ina tion  o f  Experim ent 3 i n  te rm s o f  a problem s o lv in g  
s i t u a t i o n  w i th  which th e  i n f a n t  i s  fa ce d  p roves  i l l u m i n a t i n g .  In  
e s se n c e ,  what we a r e  a s k in g  th e  i n f a n t  to  have a r e  t h r e e
s u p e ro rd in a te  c a t e g o r i e s  e q u iv a le n t  to  male, fem ale  and o th e r .  The
i n f a n t  th e n  has  f i r s t  to  a s s ig n  each o f  th e  v i s u a l  s t im u l i  to  th e s e  
c a t e g o r i e s ,  assuming f o r  th e  moment, a l th o u g h  th e  d a ta  from th e
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S i l e n t  t r i a l s  i s  c o n f irm a to ry ,  t h a t  th e y  a r e  d is c r im in a b ly
d i f f e r e n t .  Secondly  th e  i n f a n t  has  th e n  to  a s s ig n  each o f  th e  
v o ic e  s t i m u l i  to  th e  same s u p e ro rd in a te  c a t e g o r i e s ,  t h a t  i s  he has  
to  have c o n s t ru c te d  a n o t io n  e q u iv a le n t  to  gender and age in  
v o ic e s ,  s im u l ta n e o u s ly  w ith  th e  a s s ig n a t io n  o r  d i s c r i m in a t io n  o f  
f a c e s  i n t o  th e  same th r e e  g ro u p in g s .  The q u e s t io n  we th en  a sk  i s  -  
I s  i t  r e a s o n a b le  to  assume t h a t  th e se  g roup ings  a r e  a v a i l a b l e  to  
th e  i n f a n t  i n  e i t h e r  m o d a l i ty ,  o r  a r e  c o n s t ru c te d  on t h a t  s o r t  o f  
b a s i s ,  g iven  t h a t  th e  s t im u l i  a r e  d i s c r im in a b le ?  With re g a rd  to
v i s u a l  s t i m u l i ,  two s t u d i e s  i n d i c a t e  t h a t  i n f a n t s  from f i v e  to
seven months o f  age can a b s t r a c t  some i n v a r i a n t  f e a t u r e s  o f  f a c e s  
t h a t  a r e  h ig h ly  c o r r e l a t e d  w ith  gender (C o rn e l l ,  1974; Fagan,
1976). D irks and Gibson (1977) su g g es t  t h a t  i t  i s  th e  g ro s s  
p h y s ic a l  c h a r a c t e r i s t i c s  t h a t  a r e  b e in g  a b s t r a c t e d ;  shape o f  f a c e ,  
h a i r  le n g th  and p o s i t i o n in g  e t c .  However, th e s e  s tu d i e s  on ly  show 
t h a t  e ase  o f  d i s c r im in a t io n  between f a c e s  v a r i e s  w ith  d i f f e r e n c e s  
i n  g ro s s  p h y s ic a l  f e a t u r e s ,  th e y  do n o t  show t h a t  i n f a n t s  have a 
n o t io n  e q u iv a le n t  to  gender ,  o n ly  t h a t  th e y  d i s c r im in a t e  on b a s e s  
which a r e  i n c i d e n t a l l y  c o r r e l a t e d  w ith  sex .  The same l i n e  o f
argument can be used  w ith  age .  As f o r  th e  a u d i to r y  s t i m u l i ,  th e  
ev idence  f o r  a s u p e ro rd in a te  c a te g o ry  system  i s  h a rd  to  f i n d .  The 
in t r o d u c t i o n s  and d i s c u s s io n s  o f  Experim ents  1 and 2 review ed in  
d e t a i l  s t u d i e s  o f  a u d i to r y  d i s c r i m in a t io n  in  i n f a n t s  up to  one y e a r  
o f  age . None o f  th e  ev idence  in  th e  l i t e r a t u r e  gave any i n d i c a t i o n  
t h a t  i n f a n t s  from b i r t h  to  tw elve months o ld  could  d i s c r i m in a t e  on 
a g e n e r a l i s e d  b a s i s  between male and fem ale v o ic e s .  Even i f  t h e r e  
were ev idence  i t  would s t i l l  be b e s e t  by th e  d i f f i c u l t i e s  
encoun te red  w ith  th e  fa c e  d i s c r i m in a t io n  s t u d i e s .  That i s  t h a t
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although one might show differential behaviour to male and female 
voices based presumably on physical features like fundamental 
frequency this would not be evidence of a gender category, it would 
only be discrimination on a feature highly correlated with sex and 
age.
Thus it can be seen that in terms of this analysis the question 
we are asking about these infants is have they naturally associated 
fundamental frequency differences in voices with hair style 
variations in faces? Undoubtedly, they do come to show this skill 
reliably , certainly we as adults do, but the problem when couched 
in these terms takes on quite a different complexion from the way 
in which it is normally presented in the audio-visual integration 
literature.
However this argument and line of reasoning should not hold 
with respect to the parent experiment. No one would dispute that 
infants of nine months of age can associate their mother's voice 
with her and father's voice with him, though direct demonstrations 
of this in the literature are hard to find. Certainly the 
discrimination between the mother's voice and other female voices 
is well established by six months of age (Friedlander, 1968; Boyd, 
1974; Mills and Melhuish, 1974) although no comparable work has 
been done using the father's voice as the main stimulus. Similarly 
differential behaviour to the mother's face versus that of a 
stranger's has also been well established from as young as four 
months (Fitzgerald, 1968) and certainly by nine months (Lewis and 
Brooks, 1975); again however there is no comparable work done with
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fathers. Thus although there is evidence for multimodal 
discrimination of parents from strangers by children and young 
infants it is still not clear on what basis such discriminations 
are made.
The second sort of explanation is that involving the 
methodology. That is, is the situation presented in such a way 
that there is very little possibilty that the infants could 
demonstrate the appropriate behaviour? The essence of this 
argument is that the procedure is not an ecologically valid one. 
The infant is presented with immobile staring faces, that are 
two-dimensional and flash on and off and appear in different 
locations. There is also the other potential difficulty that the 
voice that is simultaneously presented is not located at either 
face. Although some 'visual dominance' may be operating, we are 
violating a structural dependence between face and voice. Thus it 
could be argued that even if the infant has the audio-visual 
integrative capabilities that have been hypothesised the 
experimental situation has become so divorced from real-life that 
the appropriate behaviour is not elicited. One piece of evidence 
in favour of this argument is that found in the Parent study where 
the mean total fixation times were longer under the Silent trials 
than under the Voice trials. This is quite contrary to the usual 
findings regarding the effect of auditory stimulation on visual 
processing which normally serves to increase fixation. One 
explanation might be that when the voice was presented the infants 
were 'looking' for the locus of the voice - that is the 'correct' 
locus not the immobile photograph, but mother or father. However,
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i t  i s  a l s o  p o s s ib le  t h a t  s in c e  th e  S i l e n t  t r i a l s  were always 
p r e s e n te d  b e fo re  th e  Voice t r i a l s  t h i s  e f f e c t  i s  m erely  one o f  
h a b i t u a t i o n  o r  f a t i g u e .  I t  i s  n o t  p o s s ib le  to  d ec id e  between th e s e  
on th e  b a s i s  o f  th e  s t u d i e s  p r e s e n te d  h e re  (some d a ta  from th e  n ex t  
experim en t do a d d re s s  t h i s  i s s u e ) ,  b u t  i t  does le a d  in t o  a f u r t h e r  
a s p e c t  o f  a u d io - v i s u a l  i n t e g r a t i o n .  I f  f o r  example, i t  i s  t r u e  
t h a t  th e  i n f a n t s  looked l e s s  under  th e  Voice t r i a l s  because  th e  
v i s u a l  s t im u lu s  was n o t  moving, as  opposed to  i t  b e ing  'n o t  m other 
o r  f a t h e r '  th e n  we a r e  im pu ting  to  th e  i n f a n t  an i n t e g r a t i v e  
c a p a b i l i t y  perhaps  more s o p h i s t i c a t e d  th a n  t h a t  which has  so f a r  
been c o n s id e re d .  That i s  pe rhaps  th e  i n f a n t  i s  aware o f  some o r  
a l l  o f  th e  r e l a t i o n s h i p  t h a t  e x i s t s  between f a c i a l  movements and 
speech  -  a s t r u c t u r a l  a u d i o - v i s u a l  r e l a t i o n s h i p .  I t  i s  t h i s  
q u e s t io n  t h a t  w i l l  be co n s id e re d  in  th e  fo l lo w in g  c h a p te r .
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CHAPTER SIX
THE INFLUENCE OF LIP MOVEMENTS ON VISUAL 
ATTENTION TO FACES -  EXPERIMENTS 4 AND 5-
In trodu ction
The r e s u l t s  from Experim ents  3 and 3b showed no ev idence  f o r  
in te r -m o d a l  i n t e g r a t i o n  o f  f a c e s  and v o ic e s  i n  term s o f  th e  model 
in t ro d u c e d  in  th e  f i n a l  s e c t i o n  o f  C hapter 1. I n f a n t s  up to  tw elve 
months o f  age d id  n o t  gu ide  t h e i r  v i s u a l  e x p lo ra t io n  o f  th e  f a c e s  
by th e  sex  o r  age p a ram e te rs  r e p re s e n te d  in  th e  v o ic e s  p r e s e n te d .  
Nor d id  th e y  do so when th e  s t im u l i  were t h e i r  p a r e n t s  f a c e s  and 
v o ic e s  r a t h e r  th a n  th o se  o f  s t r a n g e r s .  Thus no a s s o c i a t i v e  
r e l a t i o n s h i p  between th e  m o d a l i t i e s  was d isp la y e d  by i n f a n t s  o f  
th o se  a g e s .  One p o t e n t i a l  c r i t i c i s m  o f  th e  experim ent m entioned 
e a r l i e r  was concerned w ith  th e  1 u n n a t u r a ln e s s ' o f  th e  s i t u a t i o n  
p re s e n te d .  Normally when people speak t h e i r  v o ic e s  a r e  c o lo c a te d  
w ith  t h e i r  f a c e  and th e r e  a r e  a l s o  te m p o ra l ly  synchronous f a c i a l  
movements. Both o f  th e se  c o n d i t io n s  were v i o l a t e d  in  Experim ents  3 
and 3b -  v i o l a t i o n  o f  th e  s t r u c t u r a l  dependencies  between fa c e  and 
v o ic e .  Thus one might a rgue  t h a t  th e  ex p e r im e n ta l  environm ent was 
so e c o l o g ic a l l y  i n v a l i d  t h a t  th e  i n f a n t s  d id  n o t  b r in g  to  b e a r  on 
th e  s i t u a t i o n  t h e i r  normal a u d io - v i s u a l  e x p e c ta n c ie s  abou t th e  
everyday  w orld .  The im p l i c a t io n  beh ind  t h i s  argument i s  t h a t  th e  
i n f a n t ' s  a u d io -v i s u a l  i n t e g r a t i o n  c a p a c i t i e s  r e q u i r e  th e  s t r u c t u r a l  
r e l a t i o n s h i p s  to  be s a t i s f i e d  f o r  f a c e s  and v o ic e s ,  t h a t  i s  
c o lo c a t io n  and tem pora l synchrony. Now a l th o u g h  th e re  i s  s t r o n g  
ev idence  f o r  a c c u r a te  a u d i to r y  s p a t i a l  l o c a l i s a t i o n  from s ix  months 
onwards, t h e r e  i s  no ev idence  to  su g g e s t  t h a t  s p a t i a l  c o lo c a t io n  o f  
f a c e s  and v o ic e s  i s  n e c e s s a ry  d u r in g  p ro c e s s in g  o f  bo th  s e t s  o f  
in fo rm a t io n  from e i t h e r  f a m i l i a r  o r  u n f a m i l i a r  p eo p le .  In  f a c t
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what ev idence  th e r e  i s  su g g e s ts  t h a t  i n f a n t s  can d i s r e g a r d  s p a t i a l  
d is c re p a n c y  (McGurk and Lewis, 1974; Condry, Haltom and N e is s e r ,  
1976). However t h e r e  i s  l i t t l e  ev idence  b e a r in g  upon th e  i s s u e
w ith  r e s p e c t  to  tem pora l synchrony.
The i n f a n t ' s  p ro c e s s in g  o f  and a t t e n t i o n  to  th e  human fa c e  has  
been w id e ly  s tu d ie d  from a number o f  d i f f e r e n t  p e r s p e c t iv e s  -  a s  a 
p o te n t  s t im u lu s  i n  s t u d i e s  o f  memory and p e r c e p tu a l  developm ent; 
a s  an i n d i c a t o r  o f  s o c i a l  and em otiona l development and more 
r e c e n t l y  a s  a s t im u lu s  i n  i t s '  own r i g h t .  The main im petus to  t h i s  
new a s p e c t  o f  r e s e a r c h  has been th e  te c h n o lo g ic a l  in n o v a t io n  o f  
p r e c i s e  re c o rd in g  and s p e c i f i c a t i o n  o f  f i x a t i o n  by th e  u se  o f  
v id e o - r e c o rd in g  te c h n iq u e s  which a l low s  mapping o f  th e  i n f a n t ' s  eye 
and s im u l ta n e o u s ly  a r e f e r e n c e  system  o f  i n f r a - r e d  l i g h t s  i n
c o n ju n c t io n  w ith  th e  fa c e  s t im u lu s .  The main p roponen ts  o f  such 
work have been H a ith  and h i s  c o l le a g u e s  (Mendelson and H a i th ,  1976; 
H a ith ,  Bergman and Moore, 1977) and S a la p a te k  (Maurer and 
S a la p a te k ,  1976). Thus i t  has  become p o s s ib le  to  p l o t  e x a c t ly  what 
a s p e c t s  o f  th e  f a c e  a r e  a t te n d e d  to  under  a v a r i e t y  o f  c o n d i t io n s .  
Two o f  th e  s tu d i e s  mentioned above have done b ro a d ly  s i m i l a r  
r e s e a r c h  and produced a c o n s i s t e n t  s e t  o f  f i n d i n g s .
Maurer and S a la p a te k  (1976) examined one and two month o ld
i n f a n t s '  scann ing  p a t t e r n s  o f  r e a l  human f a c e s  -  th e  i n f a n t ' s  
m other, a fem ale s t r a n g e r  and a male s t r a n g e r ,  who were i n s t r u c t e d  
to  rem ain  s t i l l  and e x p r e s s io n le s s .  They found t h a t  th e  one month 
o ld  c h i ld r e n  f i x a t e d  th e  fa c e  59 p e rc e n t  o f  th e  tim e w h ile  th e
o ld e r  b a b ie s  f i x a t e d  th e  f a c e  on ly  11 p e rc e n t  o f  th e  a v a i l a b l e
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t im e . Secondly , th e  younger i n f a n t s ,  when th e y  d id  f i x a t e  th e  fa c e  
u s u a l l y  chose some p a r t  o f  th e  p e r im e te r  w h ile  th e  o ld e r  i n f a n t s  
looked p redom inan tly  a t  th e  i n t e r n a l  f e a t u r e s ,  m ainly  th e  eyes .  
There was l i t l e  v a r i a t i o n  in  th e  r e s u l t s  a c ro s s  th e  d i f f e r e n t  f a c e s  
p r e s e n te d .
H a i th ,  Bergman and Moore (1977) found t h a t  th r e e  to  f i v e  week 
o ld  i n f a n t s  s p e n t  o n ly  22 p e rc e n t  o f  th e  a v a i l a b l e  tim e f i x a t i n g  
th e  fa c e  s t im u lu s  th e y  u sed ,  whereas a seven week o ld  group and a 
n in e  to  e leven  week o ld  group f i x a t e d  th e  fa c e  87 and 90 p e r c e n t  o f  
th e  t im e ,  r e s p e c t i v e l y .  They a l s o  in c lu d e d  two o th e r  c o n d i t io n s  o f  
p r e s e n t a t i o n .  In  a d d i t i o n  to  th e  a d u l t  b e in g  s t i l l  and 
e x p r e s s io n le s s  th e y  had a moving c o n d i t io n ,  where th e  a d u l t  moved 
s lo w ly  from s id e  to  s id e  and, more r e l e v a n t  to  t h i s  d i s c u s s io n ,  a 
t a l k i n g  c o n d i t io n ,  where a s  w e l l  a s  moving th e  a d u l t  a l s o  t a lk e d  to  
th e  i n f a n t .  Only th e  o ld e s t  group f i x a t e d  th e  f a c e  more under  th e  
t a l k i n g  c o n d i t io n ,  t h e r e  b e in g  no g e n e ra l  e f f e c t  o f  c o n d i t io n s  on 
th e  two younger g roups . As w ith  th e  Maurer and S a la p a te k  s tu d y  
th e y  found t h a t  th e  younges t group, 3 to  5 weeks o ld  p red o m in an tly  
f i x a t e d  th e  edges o f  th e  f a c e  whereas th e  o ld e r  i n f a n t s  f i x a t e d  th e  
i n t e r n a l  f e a t u r e s ,  a g a in  p r im a r i ly  th e  e y es .  C r u c i a l ly ,  however, 
exam ina tion  o f  th e  o ld e r  groups f i x a t i o n s  acc o rd in g  to  c o n d i t io n  
r e v e a le d  t h a t  under  th e  t a l k i n g  c o n d i t io n ,  th e se  i n f a n t s  produced 
more f i x a t i o n  to  th e  eyes th a n  th ey  d id  under  th e  s t i l l  and moving 
on ly  c o n d i t io n s ,  a l th o u g h  th e  e f f e c t  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  There was no d i f f e r e n c e  i n  amount o f  f i x a t i o n  to  th e  
mouth a c ro s s  th e  c o n d i t io n s .  I n f a n t s  d id  n o t  look more a t  th e  
mouth when i t  was i n  motion a s  opposed to  b e ing  s t i l l .
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Thus a l th o u g h  th e r e  i s  s t r o n g  ev idence  o f  s u s ta in e d  a t t e n t i o n  
to  th e  i n t e r n a l  f e a t u r e s  o f  f a c e s  from two months o f  age ,  which 
would c e r t a i n l y  be r e q u i r e d  in  o rd e r  f o r  th e  l i p  movement 
s e n s i t i v i t y  o u t l in e d  e a r l i e r ,  th e r e  i s  no ev idence  o f  h e ig h te n e d  
a t t e n t i o n  to  l i p  movements when th e  f a c e  happens to  be t a l k i n g .  I t  
i s  p o s s i b le  o f  cou rse  t h a t  o ld e r  i n f a n t s  would show t h i s  
r e l a t i o n s h i p ,  bu t t h e r e  i s  no ev idence  to  su g g es t  i t  from th e s e  
s can n in g  s t u d i e s .  On th e  c o n t r a r y  th e  a d d i t i o n  o f  v o ic e s  a p p e a rs  
to  produce more f i x a t i o n s  to  th e  eyes r a t h e r  th an  l e s s  a s  would be 
expec ted  i f  i n f a n t s  were r e d i r e c t i n g  t h e i r  a t t e n t i o n  tow ards th e  
mouth. Although th e r e  a r e  no a p p r o p r ia t e  scann ing  s t u d i e s  w i th  
o ld e r  i n f a n t s  th e r e  i s  ev idence  from o th e r  paradigms which can be 
b rough t to  b e a r  on t h i s  i s s u e  and e x p l i c a t e  th e  developm enta l 
p ro c e s s .
The s tu d y  of  i m i t a t i o n  by young i n f a n t s  i s  a n o th e r  te c h n iq u e  
f o r  a s s e s s in g  a t t e n t i o n  to  d i f f e r e n t  a s p e c t s  o f  th e  human form and 
movement. I f  a c h i ld  c o n s i s t e n t l y  i m i t a t e s  a p a r t i c u l a r  p ie c e  o f  
b eh av io u r  th en  he o r  she must have been a t t e n d in g  to  i t  a t  some 
l e v e l .  M e ltz o f f  and Moore (1977) i n  a s tu d y  o f  tw e lve  to  
tw enty-one day o ld s  c la im  to  have found i m i t a t i o n  to  f a c i a l  and 
manual g e s tu r e s .  T h e ir  e x p e r im e n ta l  d e s ig n  c o n t r o l l e d  f o r  a number 
o f  p o t e n t i a l l y  confounding f a c t o r s ,  in c lu d in g  th e  in c r e a s e  i n  a 
p a r t i c u l a r  b ehav iou r  b e in g  m ere ly  a f u n c t io n  o f  a r o u s a l  r a t h e r  th a n  
i m i t a t i o n .  They used a double b l in d  te ch n iq u e  whereby in d e p en d en t 
o b se rv e rs  judged v id e o - r e c o rd in g s  o f  th e  i n f a n t ' s  r e a c t i o n s  to  th e  
d em onstra ted  b e h a v io u rs .  These o b s e rv e rs  were unaware o f  th e  
a c t i o n s  t h a t  had been p re se n te d  to  th e  i n f a n t s  a t  th e  tim e o f  th e
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r e c o rd in g .  They c la im  t h a t  th e  i n f a n t s  im i ta t e d  l i p  p r o t r u s io n ,  
mouth open ing , tonque p r o t r u s io n  and s e q u e n t i a l  f i n g e r  movements. 
However, t h e i r  o b s e rv e rs  were n o t  asked to  judge which o f  th e s e  
b e h av io u rs  took  p la c e  d u r in g  th e  p e r io d  which im m ediate ly  fo llow ed  
th e  d em o n s tra t io n .  They were asked th e  s l i g h t l y  d i f f e r e n t  q u e s t io n  
o f  which o f  th e  fo u r  g e s tu r e s  was most l i k e l y  to  have been produced 
by th e  ex p e r im e n te r  and to  rank  th e  o th e r  t h r e e  i n  term s o f  t h e i r  
l i k e l i h o o d .  These ran k in g s  were th e n  combined to  y i e l d  a 
dichotomous judgement o f  'Yes, one o f  th e se  two g e s tu r e s  was 
d em o n s tra ted ' -  th e  two h ig h e s t  ranked . No j u s t i f i c a t i o n  i s  g iven  
f o r  t h i s  p ro ced u re ,  and i t  i s  d i f f i c u l t  to  see  why i t  shou ld  be 
p r e f e r r e d  over th e  s t r a i g h t  b e h a v io u ra l  count method m entioned 
above. F u r th e rm o re ,  even i f  th e  i n t i a l  ranks  had been used  i t  i s  
s t i l l  n o t  c l e a r  on what b a s i s  th e  o b s e rv e r s  were making t h e i r  
judgem ents . For example, th e y  could have based  t h e i r  d e c i s i o n  o f  
w hether  th e  s e q u e n t i a l  f i n g e r  movement was th e  b e h a v io u r  
dem o n stra ted ,  n o t  i n  te rm s o f  th e  number o r  c l a r i t y  o f  th e  f i n g e r  
movements produced by th e  i n f a n t  bu t on h i s  d i r e c t i o n  o f  r e g a rd ,  
which would s u r e ly  be d i f f e r e n t  from t h a t  d u r in g  a mouth movement, 
u n le s s  o f  cou rse  th e  e x p e r im en te r  produced th e  f i n g e r  movement i n  
f r o n t  o f  h i s  mouth. Thus th e  s tu d y  ap p e a rs  to  t e l l  us more abou t 
how w e l l  a d u l t s  can quess  what an i n f a n t  has  seen  by v iew ing  th e  
i n f a n t ' s  b eh av io u r  th a n  about i m i t a t i o n .  Furtherm ore  th e r e  a r e  
o th e r  m e th o d o lo g ica l  f law s i n  M e ltz o f f  and M oore 's  p ro ced u re s  and 
a n a l y s i s  t h a t  c a s t  doubt on t h e i r  co n c lu s io n s  ( A n is f i e ld ,  1979; 
Hayes and Watson, 1981; M as te rs ,  1979)* Thus, u n t i l  t h e r e  i s  more 
r e l i a b l e  ev idence ,  t h i s  s tu d y  must be seen  a s  p ro v id in g  o n ly  
minimal su p p o r t  f o r  th e  h y p o th e s i s  t h a t  i n f a n t s  a r e  r e s p o n s iv e  to
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lip movements or other facial movements. It certainly seems to say 
little about imitation at that age.
The third line of evidence comes from habituation studies. 
Young-Browne, Rosenfield and Horowitz (1977) investigated three 
month old infants discrimination of facial expression using the 
infant controlled habituation paradigm. They found that there was 
discrimination of 'happy' from 'surprise' expressions, but the 
results were less clear cut for the 'happy' versus 'sad' and 
'surprise' versus 'sad' comparisons. However, the features on 
which such discriminations are based are extremely difficult to 
specify. Their conclusions were that the three expressions 
differed from one another mainly in the eye, mouth and brow regions 
of the face. Thus it is again difficult to assess the salience of 
mouth movements and gestures in controlling the young infant's 
processing of faces.
Only two experiments have manipulated the temporal synchrony 
between lip movements and voices in presentations to babies, albeit 
inadvertantly in one case. The study by Cohen (1974) has already 
been referred to in the introduction to Experiment 3» To reiterate 
briefly, five and eight month old infants were seated equidistant 
from their mothers and a female stranger in a triangular spatial 
arrangement. Mother arid stranger held a small loudspeaker at 
shoulder level. Each infant was presented with two matched ( 
mother speaking with her own voice, stranger with stranger's voice) 
and two mismatched conditions (mother with stranger's voice and 
stranger with mother's voice). Each person was required to mime to
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both their own voice and the other person's voice - both of which 
had been prerecorded. The results were that eight month- old girls 
had shorter first fixations to the mismatched stimuli than the 
matched. As was pointed out in the previous discussion the
evidence for an integrated audio-visual concept of the mother was 
very weak. Even if the results had been much more positive there 
were other explanations of the behaviour patterns. Because the 
situation was presehted live, the mother and stranger both had to 
mime. The adequacy of the resultant lip synchronisation was not 
assessed. However as the paper points out the mothers had quite 
different tempos and rhythms in their recordings of the set script. 
It is quite conceivable that the mothers found it easier to mime to 
their own recordings than the stranger did and that vice versa the 
stranger found it easier to mime to her own voice than to the
mother's. Thus positive results could easily be construed as the 
infant looking for or watching the face with the same (or most 
appropriate) rhythm as the voice. However, the results were not 
positive enough to warrant that conclusion either.
In  th e  most d i r e c t l y  r e l e v a n t  experim en t,  t h a t  by Dodd (1979)> 
t e n  to  s ix t e e n  week o ld  i n f a n t s  were p re s e n te d  w ith  a m i r r o r
r e f l e c t i o n  o f  a fem ale a d u l t  r e c i t i n g  a n u r s e ry  rhyme under  two
d i f f e r e n t  c o n d i t io n s .  A synchronous c o n d i t io n  where h e r  speech  and 
f a c i a l  movements were cong ruen t and a second c o n d i t io n  where h e r  
speech  was delayed  by 400 m i l l i s e c o n d s .  Dodd found t h a t  h e r  
i n f a n t s  p a id  more a t t e n t i o n  to  th e  fa c e  d u r in g  th e  synchronous 
c o n d i t io n s  th a n  d u r in g  th e  asynchronous c o n d i t io n s  and concluded  
t h a t  th e y  had d e te c te d  th e  d i f f e r e n c e  between them on th e  b a s i s  o f
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t h i s  d i f f e r e n c e  i n  synchrony. That i s  t h a t  th e  i n f a n t s  were
re s p o n s iv e  to  in fo rm a t io n  abou t speech  from f a c i a l  movements. She 
a l s o  r e p o r te d  t h a t  i n f a n t s  became d i s t r e s s e d  d u r in g  th e
asynchronous c o n d i t io n s  a l th o u g h  no f i g u r e s  a r e  r e p o r te d .
However, one a s p e c t  o f  th e  p rocedu re  c a s t s  some doubt on h e r  
c o n c lu s io n s .  During th e  synchronous c o n d i t io n s  th e  fem ale  m o d e l 's  
v o ic e  was fed  d i r e c t  to  th e  lo u d sp eak e r  p laced  behind  th e  m i r r o r ,  
bu t d u r in g  th e  asynchronous c o n d i t io n s  i t  was f i r s t  fed  th rough  a 
t a p e - r e c o r d e r  to  ach iev e  th e  400 msec, d e la y .  Even h ig h  q u a l i t y  
t a p e - r e c o r d e r s  produce a r e d u c t io n  and d i s t o r t i o n  in  f i d e l i t y  o f  
re p ro d u c t io n  o f  v o ic e  s t im u l i  -  com pression  o f  dynamic ra n g e ,  
f l a t n e s s  o f  to n e  e t c .  Thus i n  a d d i t i o n  to  th e  tem pora l d i f f e r e n c e s  
between th e  c o n d i t io n s  th e r e  were a l s o  a c o u s t i c  d i f f e r e n c e s .  I t  i s  
p o s s ib le  t h a t  t h i s  may have been r e s p o n s ib le  f o r  th e  i n f a n t s  
d i f f e r e n t i a l  f i x a t i o n  b eh av io u r .
The s t r a t e g y  adopted  in  th e  experim ent r e p o r te d  below was to  
c o n s t r u c t  a range o f  v o ic e  and l i p  movement com binations  from 
com plete synchrony to  com plete asynchrony  and th en  measure th e  
i n f a n t ' s  a t t e n t i o n  to  each o f  th e s e  exem plars .  The c o n d i t io n s  a r e  
no v o ic e  and no l i p  movements, no v o ic e  w ith  l i p  movements, v o ic e  
and no l i p  movements and v o ic e  and l i p  movements i n  synchrony . In
th e  te rm in o lo g y  o f  th e  I n t r o d u c t io n  th e s e  c o n d i t io n s  m a n ip u la te  th e
s t r u c t u r a l  r e l a t i o n s h i p  between v o ic e  and l i p  movements, where th e  
f i r s t  and l a s t  c o n d i t io n s  p re s e rv e  th e  normal dependency o f  th e  
in fo rm a t io n  in  th e  two m o d a l i t i e s  and th e  m iddle two c o n d i t io n s
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d i s r u p t  i t .  I f  i t  can be e s t a b l i s h e d  t h a t  i n f a n t s  respond 
d i f f e r e n t i a l l y  to  th e s e  c o n d i t io n s  th e n  one could go on and 
i n v e s t i g a t e  th e  e f f e c t  o f  m a n ip u la t in g  th e  degree  o f  synchrony 
between l i p  movement and v o ic e .  As in  th e  p rev io u s  s t u d i e s  a wide 
age range  o f  b a b ie s  was used to  m on ito r  any p o s s i b l e  changes i n  th e  
f i r s t  y e a r  o f  l i f e .
S u b je c ts
S u b je c ts  were r e c r u i t e d  in  th e  manner d e s c r ib e d  f o r  Experim ent 
1. As i n  th e  p rev io u s  experim en ts  th e  c h i l d ' s  m other was b r i e f e d  
on th e  g e n e ra l  n a tu re  o f  th e  s tu d y  and g iven  th e  same i n s t r u c t i o n s  
w ith  re g a rd  to  d i s c o n t in u a t io n  o f  any t e s t i n g  s e s s io n ,  and th e  same 
c r i t e r i a  a p p l ie d  by th e  e x p e r im en te r  as  had been used p r e v io u s ly .  
F o r ty  e ig h t  i n f a n t s  aged between t h i r t e e n  and f i f t y  weeks were 
t e s t e d  in d i v i d u a l l y  in  th e  I n f a n t  L ab o ra to ry .  There were f o u r  age 
groups o f  tw elve s u b je c t s  each . The groups were 3 months (mean 
age= 14»52 weeks; s . d . =  1 .5 8 ) ,  6 months (mean= 24«95 weeks; s . d . =  
0 .8 4 )  , 9 months (mean= 36.22  weeks; s . d . =  1 .44) and 12 months
(mean= 48 .98  weeks; s .d .= 0 .5 9 )»  The numbers o f  males and fem a les  
i n  each age group were f i v e  and seven 3 month o ld s ,  s i x  each  6 
month o ld s ,  f i v e  and seven 9 month o ld s  and s i x  each 12 month o ld s ,  
r e s p e c t i v e l y .  A f u r t h e r  t h i r t e e n  i n f a n t s  were b rough t to  th e  
l a b o r a to r y  bu t were n o t  in c lu d e d  in  th e  d a ta  a n a l y s i s .  E leven  had 
to  be r e j e c t e d  because  th e y  became unduly  d i s t r e s s e d  and a f u r t h e r  
two r e j e c t e d  due to  equipment m a lfu n c t io n .
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S tim u li and Apparatus
The s t im u l i  were monochrome v ideo  re c o rd in g s  o f  a f r o n t a l  view, 
head and s h o u ld e rs  sh o t  o f  a young woman, e i t h e r  s t a r i n g  p a s s iv e l y  
and e x p r e s s io n le s s  to  th e  camera o r  e l s e  r e c i t i n g  a s im ple  n u r s e ry  
t a l e  -  'The Ugly D u c k l in g ',  a g a in  w i th  l i t t l e  e x p re s s io n  on h e r  
f a c e .  These ep iso d e s  were each t h i r t y  seconds in  l e n g th .  The 
m a s te r  r e c o rd in g s  were produced in  th e  t e l e v i s i o n  s tu d io  o f  th e  
A udio-V isual Aids U nit o f  th e  U n iv e r s i t y  on p r o f e s s io n a l  r e c o rd in g  
equipment and were o f  v ery  h ig h  q u a l i t y .  These e p iso d e s  p ro v id ed  
two o f  th e  fo u r  ex p e r im e n ta l  c o n d i t io n s  -  th e  no l i p  movements/no 
vo ic e  c o n d i t io n  and th e  l i p  movements/voice c o n d i t io n  -  th e  normal 
f a c e /v o ic e  r e l a t i o n s h i p s .  The no l i p  m ovements/voice c o n d i t io n  was 
produced by r e c o rd in g  th e  so u n d track  o f  th e  s t o r y  onto  a v ideo  
re c o rd in g  o f  th e  s i l e n t ,  in a n im ate  p i c t u r e .  The l i p  movement/no 
v o ic e  c o n d i t io n  was ach ieved  by m ere ly  e r a s in g  th e  so u n d tra c k  from 
a v ideo  r e c o rd in g  o f  th e  s t o r y .  These fo u r  t r i a l s  were combined to  
produce two sequences  o f  e i g h t ,  such t h a t  each c o n d i t io n  o cc u r re d  
once i n  th e  f i r s t  f o u r  t r i a l s  and once i n  th e  second fo u r .  Table  
6.1 shows th e  t r i a l  o rd e r  o f  each sequence . The i n t e r - t r i a l  
i n t e r v a l  was t e n  seconds i n  le n g th  and c o n s is te d  o f  a p ie c e  o f  
b lank  v id e o ta p e .  These r e c o rd in g s  were rep la y ed  v ia  a N a t io n a l  
Panason ic  v id e o re c o rd e r  N-3166E to  a tw enty  in c h  Sony PVM-200CE 
t e l e v i s i o n  m on ito r .  Both a u d i to r y  and v i s u a l  r e p ro d u c t io n  was o f  a 
h ig h  s ta n d a rd .  The t e l e v i s i o n  m on ito r  was s i t u a t e d  a t  p o s i t i o n  3 
in  th e  a p p a ra tu s  shown i n  F ig u re s  2a and 2b (pp. 127 and 128). 
The a u d i to r y  s t im u l i  were r e la y e d  th rough  th e  sp e a k e rs  s i t u a t e d  on 
e i t h e r  s id e  o f  t h i s  p o s i t i o n ,  sp e a k e rs  5 and 6, r a t h e r  th a n  th e
Page 267
m o n i to r 's  own lo u d sp e a k e r ,  to  o p t im ise  th e  c o lo c a t io n  o f  th e  sound 
w ith  th e  v i s u a l  s t im u lu s .
T r i a l
Sequence
A
>
B
1 No Voice 
No Lip Movements
Voice 
Lip Movements
2 No Voice 
Lip Movements
Voice 
No Lip Movements
3 Voice 
No Lip Movements
No Voice 
Lip Movements
4 Voice 
Lip Movements
No Voice 
No Lip Movements
5 Voice 
Lip Movements
No Voice 
No Lip Movements
6 Voice 
No Lip Movements
No Voice 
Lip Movements
7 No Voice 
Lip Movements
Voice 
No Lip Movements
8 No Voice 
No Lip Movements
Voice 
Lip Movements
Table 6.1 S tim ulus  p r e s e n t a t i o n  sequences  f o r  Experiment 4«
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Procedure
Six infants at each age level were randomly assigned to each 
presentation sequence group. As previously, subjects were tested 
individually sitting in their mother's lap in front of the 
television screen. When they entered the experimental room the 
television was already switched on but the screen was blank. The 
experiment commenced by the experimenter switching on the 
videorecorder and ran with no further intervention unless the 
infant cried uncontrollably. In this event the experiment was 
stopped. An attempt was then made to restart, but even if the 
infant then successfully completed to the end of the experiment his 
data was not used in the analysis. The number and duration of each 
fixation was recorded on the data logging system, previously 
described. The main observations were carried out by the author 
with occasionally a second observer used to check reliabilities. 
These were high on all parameters, ranging from 0.85  to >0.93 
(correlations).
Results
There were three dependent measures available from each trial - 
the length of the first fixation to the screen, the number of 
fixations that took place during the trial, and the total duration 
of fixation to the screen per trial. Each condition was presented 
twice and for each subject the data were summed over both trials. 
Although all three parameters were analysed, they showed much the
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same p a t t e r n  o f  r e s u l t s .  The d i s c u s s io n  t h e r e f o r e  w i l l  c o n c e n t r a te  
on th e  t o t a l  f i x a t i o n  d a ta .  The d a ta  and a n a l y s i s  o f  v a r ia n c e  
t a b l e s  f o r  a l l  th r e e  m easures a r e  shown i n  Appendix 2.
A fo u r  f a c t o r  AITOVA was c a r r i e d  ou t w ith  Age (4  l e v e l s )  and 
Sequence (2 l e v e l s  ) a s  between s u b je c t  f a c t o r s  and Voice (2 
l e v e l s )  and Lip Movements (2 l e v e l s )  a s  th e  r e p e a te d  m easures 
f a c t o r s .  For th e  t o t a l  f i x a t i o n  tim es a l l  f o u r  main e f f e c t s  were 
s t a t i s t i c a l l y  s i g n i f i c a n t .
The Sequence e f f e c t  (F=4*56; d . f .= 1 ,4 0 ;  p<0.05) was th e
s m a l le s t  i n  te rm s o f  th e  amount o f  v a r ia n c e  accoun ted  f o r ,  and was 
such t h a t  Sequence A produced s i g n i f i c a n t l y  s m a l le r  f i x a t i o n  tim es  
th a n  Sequence B -  43*63 f o r  B v e rs u s  39*58 f o r  A. There i s  l i t t l e  
t h a t  can be s a id  about t h i s  r e s u l t  from a p s y c h o lo g ic a l  p o in t  o f  
view. Any e x p la n a t io n  would have to  in v o lv e  e i t h e r  a t t r i b u t i o n  o f  
d i f f e r e n c e s  between th e  g roups ,  ( c o n s i s t e n t  d i f f e r e n c e s  w i th  age 
s in c e  t h e r e  was no i n t e r a c t i o n  w ith  th e  Age f a c t o r ) , o r  some 
e x p la n a t io n  due to  d i f f e r e n t i a l  r a t e s  o f  h a b i tu a t i o n  a c c o rd in g  to  
th e  o rd e r in g  o f  s t im u l i  w ith  d i f f e r e n t i a l  s a l i e n c e .  S ince  t h i s
main e f f e c t  d id  n o t  i n t e r a c t  w ith  any o th e r  f a c t o r  i t  w i l l  n o t  be 
pursued  f u r t h e r .
The Age by Voice by Lip Movement d a ta  a r e  shown in  F ig u re  6.
The main e f f e c t  f o r  Age was s i g n i f i c a n t  (F=15*23» d . f . = 3 , 4 0 ;
P<0.01) w ith  th e  mean v a lu e s  f o r  th e  3, 6, 9 and 12 month o ld
groups b e in g  52 .09 , 41*49, 36 .94 and 35*94 seconds r e s p e c t i v e l y .
M u lt ip le  com parisons u s in g  th e  Newman-Keuls p rocedu re  showed t h a t
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th e  3 month o ld  group was s i g n i f i c a n t l y  d i f f e r e n t  from th e  t h r e e  
o ld e r  groups ( a l l  a t  p<O.Ol), who d id  n o t  d i f f e r  s i g n i f i c a n t l y  from 
each o th e r .
The main e f f e c t  f o r  th e  Voice f a c t o r  was a l s o  h ig h ly
s i g n i f i c a n t  (F=24*99; d . f .= 1 ,4 0 ;  p < 0 .0 0 l)  w ith  th e  mean t o t a l
f i x a t i o n  d u r in g  th e  t r i a l s  w ith  th e  so u n d track  i n t a c t  b e in g  45*08 
seconds a s  a g a i n s t  38.15 seconds f o r  th e  s i l e n t  t r i a l s .  S im i l a r l y ,  
th e  Lip Movement f a c t o r  was s i g n i f i c a n t  (F=47*39; d . f . = 1 , 4 0 ;
P<0.001) mean v a lu e s  f o r  th e  t r i a l s  w ith  th e  l i p  movements b e in g  
43*98 seconds compared w ith  38.25 f o r  t r i a l s  w ith o u t  th e  l i p
movements. None o f  th e  i n t e r a c t i o n s  were s t a t i s t i c a l l y
s i g n i f i c a n t .  The same p a t t e r n '  o f  r e s u l t s  was o b ta in e d  when th e
f i r s t  f o u r  t r i a l s  and th e  l a s t  fo u r  t r i a l s  were a n a ly se d  a s  a
s e p a r a t e  f a c t o r ,  r a t h e r  th a n  be in g  summed. The on ly  d i f f e r e n c e
between th e  a n a l y s i s  o f  th e  f i r s t  f i x a t i o n  d a ta  and th e  t o t a l  
f i x a t i o n  d a ta  was t h a t  th e  Sequence f a c t o r  ceased  to  be
s i g n i f i c a n t .
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G0
55
50
15
10
35
30
25-
10 LIP LIP 
SILENT TRIALS
'0 LIP LIP 
VOICE TRIALS
Figure G Mean duration oF tota l  Fixation (seconds) to the t e l e v i s io n  monitor 
under each condition.  For each age group - 3 months (x— x), G months (x — x),  
9 months (o*— o) and 12 months (o— o) -  Experiment 1.
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D iscu ssio n
The r e s u l t s  o f  t h i s  experim ent a r e  q u i t e  c l e a r  c u t .  F i r s t l y  
i n f a n t s  w i l l  f i x a t e  a f a c e  lo n g e r  when th e r e  i s  a c o lo c a te d  v o ice  
s im u l ta n e o u s ly  p r e s e n te d  th a n  when th e r e  i s  n o t ,  in d e p e n d e n tly  o f  
w hether  th e  f a c e  i s  moving o r  s t a t i o n a r y .  Secondly , th e y  f i x a t e  
f a c e s  lo n g e r  i f  th e r e  a r e  f a c i a l  movements r a t h e r  th a n  p a s s iv e  
e x p r e s s io n le s s  p o ses ,  in d e p e n d e n tly  o f  w hether  th e r e  i s  a v o ic e  
p r e s e n t  o r  n o t .  Although th e r e  was no s i g n i f i c a n t  s t a t i s t i c a l  
change w ith  age ,  i t  i s  c l e a r  from F ig u re  6 t h a t  t h i s  p a t t e r n  i s  
more pronounced w ith  th e  s i x  to  tw elve  month o ld  i n f a n t s  th a n  i t  i s  
i n  th e  th r e e  month o ld  group.
The f i r s t  p o in t  t h a t  can be c l e a r e d  up i s  t h a t  rem ain ing  from 
Experiment 3b. I t  was su g g es ted  th e r e  t h a t  th e  f in d in g  t h a t  t h e r e  
was more f i x a t i o n  d u r in g  th e  S i l e n t  t r i a l s  th a n  d u r in g  th e  Voice 
t r i a l s  o f  t h a t  p rocedu re  could have been due to  e i t h e r  th e  
'u n n a t u r a l n e s s ' o f  th e  e x p e r im e n ta l  c o n d i t io n s ,  p a r t i c u l a r l y  d u r in g  
th e  Voice t r i a l s ,  o r  could  s im ply  have been due to  a h a b i t u a t i o n  
e f f e c t ,  s in c e  th e  S i l e n t  t r i a l s  always p receded  th e  Voice t r i a l s .  
C le a r ly ,  Experiment 4» which c o n t r o l s  f o r  th e  r e l a t i v e  p o s i t i o n s  o f  
th e  type  o f  s t i m u l i ,  s u p p o r ts  th e  h a b i t u a t i o n  h y p o th e s i s .  There 
was much more f i x a t i o n  d u r in g  th e  Voice/No Lip Movement t r i a l s ,  
e q u iv a le n t  to  th e  Voice t r i a l s  o f  3b th an  th e  No Voice/No Lip 
Movement t r i a l s  which were th e  e q u iv a le n t  to  th e  S i l e n t  t r i a l s  o f  
3b. Thus th e  ' u n n a t u r a ln e s s ' o f  th e  t a l k i n g  b u t  m o t io n le s s  f a c e  
d id  n o t  produce lower f i x a t i o n  tim es in  Experiment 4* I t  would 
a p p ea r  u n re a so n a b le  th e r e f o r e  to  a t t r i b u t e  th e s e  d i f f e r e n c e s  i n  J>b
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to  'u n n a tu r a ln e s s '  when th e  s im p le r  e x p la n a t io n  o f  h a b i t u a t i o n  i s  
a v a i l a b l e .  Thus th e  g e n e ra l  e x p e r im e n ta l  p rocedure  o f  Experim ents  
3 and 3b i s  v a l i d a t e d .
Although th e  r e s u l t s  c l e a r l y  dem onstra te  th e  r e s p o n s i v i t y  o f  
th e  young i n f a n t  to  f a c i a l  and l i p  movements, th e  s i g n i f i c a n c e  o f  
th e  d a ta  i n  te rm s o f  th e  c h i l d ’s a u d io -v i s u a l  i n t e g r a t i v e  
c a p a c i t i e s  i s  more d i f f i c u l t  to  a s s e s s .  As has  a l r e a d y  been 
d is c u s s e d  in  th e  I n t r o d u c t io n ,  th e  v i o l a t i o n  and d i s r u p t i o n  
methodology fo l lo w in g  Bower and o th e r s  (Aronson and Rosenblum, 
1971) a t te m p ts  to  measure c ro ss -m oda l i n t e g r a t i o n  by p roduc ing  
a r t i f i c i a l  s i t u a t i o n s  t h a t  have no c o u n te r p a r t  i n  r e a l i t y  and 
a s s e s s i n g  th e  degree  o f  d i s r u p t i o n  produced in  th e  i n f a n t ' s  
b e h av io u r .  T y p ic a l ly ,  bu t n o t  a lw ays, t h i s  in v o lv e s  some form o f  
d i s t r e s s  r e a c t i o n .  In  t h i s  experim en t ,  two o r  p o s s ib ly  t h r e e  o f  
th e  s i t u a t i o n s  p re se n te d  to  th e  i n f a n t s  a r e  n a t u r a l  i n  th e  sen se  
t h a t  th e y  can and do occur i n  everyday  l i f e .  The No Voice/No Lip 
Movement and th e  V oice /L ip  Movements c o n d i t io n s  a r e  th e  two obvious 
' r e a l '  s t i m u l i ,  t h a t  p re s e rv e  th e  normal s t r u c t u r a l  r e l a t i o n s h i p  
between f a c e  and v o ic e .  Some might a rgue  however t h a t  young 
i n f a n t s  a r e  never p re s e n te d  w ith  r e l a t i v e l y  p a s s iv e ,  e x p r e s s io n le s s  
f a c e s  t h a t  do n o t  t a l k  to  them. The d o u b tfu l  c o n d i t io n  i s  th e  No 
V oice /L ip  Movements one. There a r e  p ro b ab ly  tim es  when peo p le  do 
make f a c e s  a t  i n f a n t s  w ith o u t making any sounds, e a t i n g  f o r  
example, bu t must be l e s s  f r e q u e n t ly  o c c u r r in g  th a n  th e  o th e r  two 
c o n d i t io n s .  The f i n a l  c o n d i t io n  Voice/No Lip Movements, 
v e n t r i lo q u i s m  exc luded , n ever  o ccu rs  i n  everyday  l i f e .  Thus th e  
' v i o l a t i o n '  schoo l would p r e d i c t  t h a t  t h i s  l a t t e r  c o n d i t io n  would
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be d i f f e r e n t  from a t  l e a s t  th e  f i r s t  two i f  n o t  a l l  th r e e  o th e r  
c o n d i t io n s .  I t  d o e s n ' t  m a t te r  w hether  th e  amount o f  f i x a t i o n  i s  
s i g n i f i c a n t l y  more o r  l e s s ,  s im ply  t h a t  i t  i s  d i f f e r e n t ,  f o r  th e  
d e m o n s tra t io n  o f  'e x p e c ta n c y '  o f  l i p  movement consequent upon th e  
speech  in p u t .  This does o b v io u s ly  n o t  occu r  i n  th e  d a ta  o b ta in e d  
h e re .  However, as  Condry, Haltom and N e is s e r  (1977) p o in t  o u t ,  th e  
' v i o l a t i o n  o f  ex p ec tan cy ' approach  a c t u a l l y  in v o lv e s  two h y p o th e ses  
-  one co n ce rn in g  th e  e x i s t e n c e  o f  c ross-m odal i n t e g r a t i o n  and a 
second h y p o th e s i s  t h a t  d i s r u p t i n g  cro ss -m odal e x p e c ta n c ie s  i s  
d i s t r e s s i n g  o r  d i s r u p t i v e  f o r  th e  i n f a n t .  I t  could  be th e  case  
t h a t  th e  f i r s t  h y p o th e s i s  i s  c o r r e c t  and t h a t  i t  i s  on ly  th e  second 
t h a t  i s  wrong.
An a l t e r n a t i v e  e x p la n a t io n  f o r  th e  d a ta  from t h i s  experim en t i s  
t h a t  th e y  dem onstra te  s im u ltaneous  b u t  q u i t e  independen t p ro c e s s in g  
o f  each m o d a l i ty .  That i s  t h a t  each in c r e a s e  i n  f i x a t i o n  tim e 
a c ro s s  th e  c o n d i t io n s  a s  d is p la y e d  in  F ig u re  6 r e p r e s e n t s  s im ply  an 
a r o u s a l  e f f e c t  due to  i n c r e a s in g  th e  amount o f  in fo rm a t io n  and 
th e r e f o r e  s t im u la t i o n  re c e iv e d  by th e  i n f a n t .  The in c r e a s e  due to  
movement o f  th e  f a c e  b e in g  on ave rage  +4.82 seconds f o r  th e  S i l e n t  
c o n d i t io n s  and +4.62 seconds f o r  th e  Voice c o n d i t io n s .  The 
in c r e a s e  due to  th e  speech  b e in g  on ave rage  +5»24 seconds f o r  th e  
No Lip Movement t r i a l s  and +6.87 f o r  th e  Lip Movement t r i a l s .  Thus 
i n  P i a g e t i a n  term s th e  c h i ld  i s  m ere ly  lo o k in g  and l i s t e n i n g  more 
w i th  th e  i n c r e a s e  i n  s t im u la t i o n  ( P ia g e t ,  1953)> a l th o u g h  i t  i s  
u n l i k e l y  t h a t  he would su g g es t  t h a t  t h a t  i s  a l l  t h a t  th e y  a r e  
d o ing , e s p e c i a l l y  a t  th e  o ld e r  a g es .  The problem w ith  th e  p r e s e n t  
d e s ig n  i s  t h a t  i t  confounds th e  e f f e c t s  o f  tem pora l asynchrony  o f
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l i p  movements v and v o ic e s  w ith  th e  o ccu rren c e  o r  n o n -o ccu rren ce  o f  
th e  l i p  movements.
Thus a l th o u g h  th e  d a ta  from th e  Voice c o n d i t io n  h e re  may he 
c o n s i s t e n t  w ith  Dodd (1979) and does n o t  c o n t r a d i c t  th e  n o t io n  o f  
some form o f  c ro ss -m odal knowledge on th e  p a r t  o f  th e  i n f a n t ,  in  
t h a t  th e y  p a id  l e s s  a t t e n t i o n  to  th e  f a c e  d u r in g  th e  asynchronous , 
no l i p  movement t r i a l s  (a  h ig h  degree  o f  a s y n c h ro n y ) , t h a t  l i n e  o f  
re a so n in g  f a l l s  down on exam ina t ion  o f  th e  S i l e n t  c o n d i t io n .  In  
th e  l a t t e r  case  th e r e  was more a t t e n t i o n  pa id  to  th e  asynchronous , 
l i p  movement t r i a l s .  To accommodate b o th  s e t s  o f  r e s u l t s  to  a 
h y p o th e s i s  o f  a u d io - v i s u a l  i n t e g r a t i o n  o f  f a c e s  and v o ic e s  based  on 
tem pora l p a ra m e te rs ,  one would have to  p o s i t  a p ro c e s s  t h a t  o ccu rs  
o n ly  d u r in g  a u d ib le  speech  e p is o d e s ,  w ith  a t t e n t i o n ,  f i x a t i o n  and 
th e  concom itan t p ro c e s s in g  b e in g  c o n t r o l l e d  by o th e r  f a c t o r s  d u r in g  
v i s i b l e  speech .
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The major problem w ith  Experiment 4 i s  t h a t  the  d i f f e r e n t  
e x p e r im e n ta l  c o n d i t io n s  confound th e  e f f e c t  o f  d i s r u p t i o n  o f  the  
s t r u c t u r a l  r e l a t i o n s h i p  between f a c e s  and v o ic e s  and th e  o v e r a l l  
amount o f  s t im u lu s  in fo rm a t io n  p r e s e n t .  Thus a l th o u g h  th e  tem pora l 
r e l a t i o n s h i p  between sound and v i s i o n  was m an ipu la ted  t h i s  was 
ach ieved  by th e  p resence  o r  absence o f  l i p  and f a c i a l  movements 
r e s u l t i n g  in  d i f f e r e n t  d eg rees  o f  s t im u lu s  in fo rm a t io n  (o r  
com plex ity )  i n  th e  d i f f e r e n t  c o n d i t io n s .  . A ccord ing ly  a new 
experim ent was des igned  to  ta k e  account o f  t h i s  d i f f i c u l t y .
The r e s o l u t i o n  o f  t h i s  confounding  o f  com plex ity  and s t r u c t u r a l  
d isc re p a n c y  l i e s  i n  in t r o d u c in g  v i o l a t i o n s  o f  th e  s ig h t - s o u n d  
r e l a t i o n s h i p  w h ile  c o n t r o l l i n g  th e  amount o f  s t im u lu s  in fo rm a t io n .  
The experim ent by Dodd (1979), d e s c r ib e d  above, a c h ie v e s  t h i s  f o r  
tem pora l d i s r u p t i o n .  The two e x p e r im e n ta l  c o n d i t io n s  she used have 
th e  same degree  o f  s t im u lu s  in fo rm a t io n ,  i . e .  a moving fa c e  and a 
v o ic e ,  but w ith  one o f  th e  c o n d i t io n s  hav ing  th e  v o ice  d i s p la c e d  in  
tim e (de layed  by 400 m sec.)  r e l a t i v e  to  th e  f a c i a l  movements. 
However, as p re v io u s ly  d is c u s s e d  th e re  a r e  p o t e n t i a l  problem s w ith  
th e  i n t e r p r e t a t i o n  o f  th e  d i f f e r e n c e s  i n  i n f a n t  a t t e n t i o n  t h a t  Dodd 
observed  between th e se  normal and de layed  p r e s e n t a t i o n s .  F i r s t l y ,  
i t  i s  n o t  e n t i r e l y  c l e a r  t h a t  th e  d i f f e r e n t  deg rees  o f  a t t e n t i o n  
were th e  r e s u l t  o f  th e  tem pora l d i s r u p t i o n  in t ro d u c e d  r a t h e r  th a n  
a c o u s t i c  d i f f e r e n c e s  between th e  c o n d i t io n s .  Secondly , and more 
s e r i o u s l y ,  even i f  th e  d i f f e r e n c e s  were due to  th e  d e la y  in t ro d u c e d  
i t  i s  n o t  c l e a r  w hether  th e  i n f a n t s  were respond ing  to  th e  d e la y  
p e r  se o r  th e  d is c re p a n c y  between th e  speech  and v o ic e .  That i s  
from th e  i n f a n t ' s  p e r s p e c t iv e  was th e  m a n ip u la t io n  one o f  d e la y in g
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the  speech  o r  one i n  which th e  fa c e  and vo ice  were r e la y in g  q u i t e  
d i f f e r e n t  messages? Were th e  i n f a n t s  e x p e r ie n c in g  tem pora l 
d i s r u p t i o n  o r  speech  d i s r u p t i o n ?
The experim ent to  be r e p o r te d  h e re  a t te m p ts  to  d i f f e r e n t i a t e  
th e s e  p o s s i b i l i t i e s  by p r e s e n t in g  to  th e  i n f a n t ,  n o t  o n ly  a 
c o n d i t io n  where th e  speech  i s  de layed  w ith  r e s p e c t  to  th e  f a c i a l  
movements ( th e  de layed  c o n d i t io n )  but a l s o  a c o n d i t io n  where th e  
rhythm and c o in c id en c e  o f  th e  speech  and f a c i a l  movements a r e  
p re se rv e d  and th e  model mouths a d i f f e r e n t  speech  sound from t h a t  
p re s e n te d  a u d i t o r a l l y  ( th e  mismatched c o n d i t i o n ) .  Comparison o f  
th e  p a t t e r n  o f  v i s u a l  b eh av io u r  under  th e s e  two c o n d i t io n s  w i th  
normal p r e s e n ta t i o n  w i l l  then  a l low  th e  a ssessm en t o f  th e  . r e l a t i v e  
c o n t r i b u t i o n s  o f  tem pora l and speech  synchrony in  th e  young 
i n f a n t ' s  p ro c e s s in g  o f  fa c e s  and v o ic e s .
B efore  d e s c r ib in g  th e  experim ent i n  d e t a i l  some m e th o d o lo g ic a l  
problems have to  be c o n s id e re d .  Experiment 4 and  th e  experim en t by 
Dodd ( 1979 ) used s in g le  s t im u lu s  p r e s e n t a t i o n .  Each com bination  o f  
fa c e  and v o ice  was p re s e n te d  and examined in  i s o l a t i o n ,  f o r  
example, th e  normal f a c e /v o ic e  c o n d i t io n  th e n  th e  de layed  
f a c e /v o ic e  c o n d i t io n .  I n t e r p r e t a t i o n  was based on th e  amount o f  
a t t e n t i o n  pa id  by th e  i n f a n t s  to  each s t im u lu s  ty p e .  The problem  
w ith  t h i s  k ind  o f  d e s ig n  i s  t h a t  th e r e  a r e  a number o f  f a c t o r s  t h a t  
can  reduce th e  e f f e c t  o f  th e  e x p e r im e n ta l  m a n ip u la t io n s .  F i r s t l y ,  
t h e r e  i s  h a b i t u a t i o n  o f  a t t e n t i o n  over th e  s e q u e n t i a l  c o n d i t i o n s ,  
which even w ith  c o n t r o l  by d i f f e r e n t  o rd e r s  o f  p r e s e n t a t i o n  can 
prove p ro b lem a tic  i f  th e re  a r e  s t a t i s t i c a l  i n t e r a c t i o n  e f f e c t s .
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Secondly , w i th  s in g l e  s t im u lu s  p r e s e n ta t i o n s  th e r e  may be f l o o r  o r  
p a r t i c u l a r l y  w ith  s o c i a l  s t i m u l i ,  c e i l i n g  e f f e c t s .  The i n f a n t s  
s im ply  a t t e n d  to  th e  s t im u lu s  m a te r i a l  f o r  th e  m a jo r i ty  o f  th e  
p r e s e n t a t i o n  p e r io d ,  th u s  a l lo w in g  l i t t l e  p ro s p e c t  o f  
d i f f e r e n t i a t i o n  between th e  c o n d i t io n s .  I t  was thought t h a t  t h i s  
might pose a p a r t i c u l a r  problem h e re  i n  t h a t  i t  was now p o s s i b l e ,  
and deemed d e s i r a b l e ,  to  u se  c o lo u r  v ideo  p r e s e n t a t i o n  r a t h e r  th a n  
th e  monochrome-stimuli t h a t  had been used in  Experiment 4, and t h a t  
th e s e  would g e n e r a l ly  be more a t t e n t i o n - h o l d i n g .
The a l t e r n a t i v e  to  s i n g l e  s t im u lu s  p r e s e n t a t i o n  i s  th e  
s e l e c t i o n  paradigm . This has a long  h i s t o r y  as  a te c h n iq u e  i n  
i n f a n t  p e r c e p t io n  r e s e a r c h ,  from th e  i n t i a l  work by F an tz  and 
o th e r s  (1964, 1975) on v i s u a l  p e r c e p t io n  to  more r e c e n t l y  and
r e l e v a n t l y  t h a t  o f  Spelke (1976, 1979) on a u d i t o r y / v i s u a l
i n t e g r a t i o n .  This was a l s o  th e  paradigm adopted  in  Experim ent 3 
r e p o r te d  above. In  t h i s  method th e  i n f a n t  i s  p re se n te d  w ith  two 
s t im u l i  s im u l ta n e o u s ly  and has to  s e l e c t  o r  a c t i v e l y  a t t e n d  to  one 
o r  th e  o th e r .  The d i s t r i b u t i o n  o f  a t t e n t i o n  and th e  s t im u lu s  
d i f f e r e n c e s  th e n  i n d i c a t e  on which b ase s  th e  s e l e c t i o n  was made. 
The procedure  used in  Experiment 3 and  in  S p e lk e ’s s t u d i e s  (1976,- 
1979) was to  p r e s e n t  th e  i n f a n t  s im u l ta n e o u s ly  w ith  two s p a t i a l l y  
d is p la c e d  v i s u a l  s t im u l i  and one c e n t r a l l y  lo c a te d  a u d i to r y  
s t im u lu s .  The concern  be ing  w hether th e  i n f a n t  views th e  
p a r t i c u l a r  v i s u a l  s t im u lu s  t h a t  c o rre sp o n d s  to ,  o r  i s  most 
a p p r o p r ia te  t o ,  th e  a u d i to r y  s t im u lu s .  The problem w ith  t h i s  
method as  i t  s ta n d s  i s  t h a t  i n  term s o f  th e  model proposed i n  th e  
I n t r o d u c t io n ,  because  th e  a u d i to r y  s t im u lu s  i s  n e c e s s a r i l y
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d is p la c e d  from each v i s u a l  s t im u lu s ,  even when th e  i n f a n t  looks  
tow ards th e  ' a p p r o p r i a t e '  s i d e ,  a p o t e n t i a l  s t r u c t u r a l  ( s p a t i a l )  
v i o l a t i o n  o f  th e  correspondence  between v i s i o n  and a u d i t i o n  i s  
in t ro d u c e d .  Now a l th o u g h  i t  i s  known t h a t  s p a t i a l  d isp lacem en t i s  
n o t  n e c e s s a r i l y  d i s r u p t i v e  o f  i n f a n t  a u d i o /v i s u a l  p ro c e s s in g  
(McGurk and Lewis, 1974; Condry e t .  a l . ,  1977) i t  i s  th e  c a s e ,  as  
dem onstra ted  i n  Experim ents  1 and  2 h e r e ,  t h a t  i n f a n t s  can and do 
respond a p p r o p r i a t e l y  to  s p a t i a l l y  d i s p a la c e d  sounds. Q uite  s im ply  
we do n o t  know what d eg rees  o f  a u d i to r y  s p a t i a l  d isp la cem e n t  
i n f a n t s  (a )  cannot d i s c r i m in a t e ,  (b) can d i s c r im in a t e  b u t  ig n o re ,  
o r  ( c )  can d i s c r im in a t e  and do n o t  ig n o re .  M inim ally  i n  t h i s  k ind  
o f  d e s ig n  some elem ent o f  re sp o n se  c o m p e ti t io n  may o ccu r ,  i . e .  th e  
i n f a n t  a t te m p t in g  to  look  tow ards th e  sound o r  look tow ards th e  
o b j e c t .  The p r e s e n t  d e s ig n  makes no assum ptions  abou t such  
c a p a c i t i e s  i n  th e  i n f a n t .
The s o l u t i o n  adopted  h e re  i s  to  p r e s e n t  to  th e  i n f a n t  n o t  one 
sound but two sounds each c o lo c a te d  w ith  one o f  th e  v i s u a l  s t i m u l i .  
We know from Experim ents 1 an d  2 t h a t  i n f a n t s  can s e l e c t i v e l y  
a t t e n d  to  two d i f f e r e n t  s p a t i a l l y  d i s p la c e d  sound s o u rc e s  and 
lo c a t e  them a p p r o p r i a t e l y .  Thus we can assume t h a t  t h e  i n f a n t s  
w i l l  be a b le  to  d i f f e r e n t i a t e  th e  d i f f e r e n t  a u d i to r y  s t im u l i  and 
match them to  th e  s p a t i a l l y  a p p r o p r ia te  v i s u a l  s t im u lu s .  
M an ip u la t io n  can th e n  be made o f  the  a u d i o /v i s u a l  r e l a t i o n s h i p  o f  
one o f  th e  f a c e /v o ic e  com bina tions .  The a u d i o /v i s u a l  com bina tions  
p re s e n te d  to  th e  i n f a n t s  w i l l  be a f a c e /v o ic e  p a i r  i n  which th e  
normal r e l a t i o n s h i p  between th e  fa c e  and v o ice  i s  p re s e rv e d  and 
e i t h e r  a com bination  where th e  v o ice  i s  de layed  w ith  r e s p e c t  to  th e
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f a c i a l  movements ( th e  Delayed c o n d i t io n )  or a com bination  where th e  
rhythm o f  th e  f a c i a l  movements i s  p re se rv e d  bu t th e  face  mouths a 
sound d i f f e r e n t  to  t h a t  p re s e n te d  by th e  v o ice  ( th e  Mismatched 
c o n d i t i o n ) .  From th e  r e s u l t s  o f  th e  r e s e a rc h  d is c u s se d  e a r l i e r  th e  
p r e d i c t i o n s  a r e  t h a t  i f  i n f a n t s  o f  t h i s  age do d e t e c t  th e  l a c k  o f  
congruence i n  some o f  th e  s t im u l i  th en  th ey  w i l l  p r e f e r  to  view th e  
normal f a c e /v o ic e  com binations  lo n g e r  th a n  th e  de layed  o r  
mismatched f a c e /v o ic e  s t i m u l i .
One f u r t h e r  problem has to  be c o n s id e re d  b e fo re  th e  experim en t 
i s  d e s c r ib e d .  The r a t i o n a l e  f o r  t h i s  k ind  o f  r e s e a r c h  i s  t h a t  th e
in f a n t  may be capab le  o f  some form o f  l i p  r e a d in g ,  a t  l e a s t  a t  a
ru d im en ta ry  l e v e l .  Note t h a t  i t  i s  n o t  n e c e s s a ry  to  p o s i t  t h a t  i t  
i s  p h o n e t ic  o r  p h o n o lo g ic a l  in fo rm a t io n  t h a t  th e  i n f a n t s  a r e  
e x t r a c t i n g  from th e  f a c i a l  movements, m ere ly  t h a t  th ey  can d e t e c t  
th e  correspondence  between th e  s t im u lu s  flow from th e  v i s u a l  
channe l w ith  t h a t  i n  th e  a u d i to r y  ch an n e l.  Thus to  in t ro d u c e  a 
mismatch between th e  f a c i a l  movements and th e  v o ice  one may s im ply  
dub d i f f e r e n t  speech  sounds onto  a model mouthing p a r t i c u l a r  words
o r  s y l l a b l e s .  The d i f f i c u l t y  i s  t h a t  th e r e  i s  now a growing body
o f  ev idence  t h a t  t h i s  p rocedure  w i l l  n o t  n e c e s s a r i l y  in t ro d u c e  a 
p e r c e p tu a l  d isc re p a n c y .  McGurk and MacDonald (1976) dubbed th e  
sound f o r  / b a /  onto th e  l i p  movements f o r  / g a / .  When th e y  
p re s e n te d  t h i s  s t im u lu s  com bination  to  s u b je c t s  ran g in g  in  age from 
fo u r  to  f o r t y  y e a r s  th e  dominant p e rc e p t  r e p o r te d  was / d a / .  No 
p e r c e p tu a l  co n fu s io n  o r  d i s r u p t i o n  was r e p o r te d .  O ther
a u d i o / v i s u a l  com binations  o f  d i f f e r e n t  phonemes a l s o  r e s u l t  i n  
p e r c e p tu a l  i l l u s i o n s  o f  t h i s  type (MacDonald and McGurk, 1978).
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Thus c a r e f u l  thought has to  be g iven  to  th e  s e l e c t i o n  o f  th e  sounds 
and f a c i a l  movements to  be ju x ta p o se d .  I t  was decided  th e r e f o r e  
t h a t  to  ach iev e  p r e c i s e  c o n t r o l  o f  th e  p h y s ic a l  d is c re p a n c y  between 
th e  f a c i a l  movements and th e  v o ic e  s im ple  phonemes should  be used 
r a t h e r  th a n  con tinuous  runn ing  speech . Secondly t h a t  th e  phonemes 
used  should  be d i s t i n c t i v e  from each  o th e r  bo th  in  term s o f  th e  l i p  
movements r e q u i r e d  to  produce them and a l s o  i n  t h e i r  a u d i to r y  
c h a r a c t e r i s t i c s .  C onsequently  th e  vowels / a /  and / i : /  were 
s e l e c t e d .
Experiment 4 found  no i n t e r a c t i o n  o f  th e  main e x p e r im e n ta l  
f a c t o r s  w i th  age. I t  was dec ided  th e r e f o r e  to  r e s t r i c t  t h i s  s tu d y  
to  f i v e  month o ld  i n f a n t s ,  t h i s  p a r t i c u l a r  group be ing  c lo s e  to  
th o se  s tu d ie d  in  p rev io u s  experim en ts  and p rov ide  a b a s i s  f o r  
com parison to  those  s tu d ie d  by Dodd (1979).
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Subjects
B abies  were r e c r u i t e d  in  th e  same manner a s  d e s c r ib e d  in  
Experiment 1. The i n f a n t ' s  m other was b r i e f e d  about th e  g e n e ra l  
n a tu re  o f  th e  s tu d y  and g iven  th e  same i n s t r u c t i o n s  w ith  re g a rd  to  
h e r  r o l e  d u r in g  th e  p rocedure  and th e  p o s s ib le  d i s c o n t in u a t io n  o f  
th e  t e s t i n g  s e s s i o n .  The c r i t e r i a  a p p l ie d  by th e  ex p e r im e n te r  f o r  
d i s c o n t in u a t io n  o f  any s e s s io n  was i d e n t i c a l  to  t h a t  used  in  
p rev io u s  ex p er im en ts .
F o r ty  i n f a n t s  aged between 18 and 24 weeks were t e s t e d  
i n d i v i d u a l l y  i n  th e  I n f a n t  L ab o ra to ry .  E ig h teen  o f  th e  i n f a n t s  
were fem ale and twenty-two male. A f u r t h e r  seven i n f a n t s  ( f i v e  
female and two male) were t e s t e d  bu t f a i l e d  to  f i x a t e  b o th  s t im u l i  
a t  some p o in t  d u r in g  th e  ex p e r im e n ta l  s e s s io n .  Two o f  th e s e  were 
i n  C on d it io n  1, two i n  C ond it ion  2 and  th r e e  in  C o n d it io n  3* The 
o b s e rv a t io n s  from th e se  b a b ie s  were n o t  in c lu d e d  i n  th e  main d a ta  
a n a l y s i s .  A f u r t h e r  seven i n f a n t s  ( fo u r  fem ale and th r e e  m ale) 
were t e s t e d  but n o t  in c lu d e d  because  th e y  became unduly  fu s se d  o r  
d i s t r e s s e d  and f a i l e d  to  com plete th e  e x p e r im e n ta l  s e s s io n .  Three 
o f  th e s e  were i n  C o n d it io n  1 and two in  each  o f  C on d it io n s  2 a n d  3*
The mean ages o f  th e  i n f a n t s  i n  each  c o n d i t io n  were a s  fo l lo w s :  
C o n d it io n  1 -  mean =20.2 w eeks; s .d .= 2 .0 7  weeks, C ond it ion  2 
mean =20.7 w eeks; s . d . =1.56 weeks, and C ond it ion  3 -  mean =21.1 
w eeks; s . d .= 1 .99 w eeks.
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Stim uli and Apparatus
The s t im u l i  were co lo u r  v id e o re c o rd in g s  o f  a f r o n t a l  view, head 
and neck sh o t  o f  a young woman. M aster  re c o rd in g s  were made in  
which th e  model faced  th e  camera and r e p e a te d ly  u t t e r e d  th e  s im ple  
vowel sound / iV  as  i n  th e  word ' s e e ' .  Each u t t e r a n c e  was 
ap p ro x im ate ly  one second in  l e n g th  and s e p a ra te d  from th e  fo l lo w in g  
u t t e r a n c e  by two seconds o f  s i l e n c e .  The mouth r e tu rn e d  to  th e  
normal c lo sed  p o s i t i o n  a f t e r  each u t t e r a n c e .  The rhythm o f  th e s e  
r e p e t i t i o n s  was s ig n a le d  to  th e  model by fe e d in g  an aud io  tone  
s i g n a l  o f  one second d u r a t i o n  a t  two second i n t e r v a l s  v ia  an 
in co n sp icu o u s  e a rp ie c e .  The aud io  s i g n a l  was n o t  a u d ib le  on th e  
s o u n d track  o f  th e  v id e o re c o rd in g .
Using s p l i t  s c re e n  v ideo  te c h n iq u e s  t h i s  s t im u lu s  sequence was 
reco rd ed  such t h a t  i t  occup ied  one v e r t i c a l  h a l f  o f  th e  t e l e v i s i o n  
m o n ito r  s c re e n .  A second r e c o rd in g  was made u s in g  the  same model 
and i d e n t i c a l  p ro c e d u re s ,  o f  th e  r e p e t i t i o n  o f  the  u t t e r a n c e  / a /  as  
i n  'b a c k ' .  This was sy n ch ro n ised  w i th  th e  / i s /  u t t e r a n c e  and 
reco rd ed  onto  th e  b lank  h a l f  o f  th e  p rev io u s  r e c o rd in g .  
S y n c h ro n is a t io n  was ach ieved  d u r in g  th e  r e c o rd in g  o f  th e  second 
sequence by p la y in g  , to  th e  model, th e  audio  so u n d track  from th e  
f i r s t  sequence i n  p la c e  o f  th e  aud io  tone  s i g n a l .  Thus th e  
r e l a t i v e  o n s e ts  and o f f s e t s  and rhythm o f  th e  two sequences  was 
c o n s ta n t  bo th  a c ro s s  and w i th in  sequences .
The s t im u lu s  m a te r i a l  was reco rd ed  on to  U-matic v id e o ta p e  w i th  
each s e r i e s  o f  s t im u lu s  u t t e r a n c e s  reco rd ed  in d e p e n d e n tly  on each
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o f  th e  two sound t r a c k s .  Each s o u n d track  was in  tem pora l synchrony 
w ith  bo th  v i s u a l  e v e n ts .  A second sequence was c o n s t ru c te d  u s in g  
th e  same te c h n iq u e s  bu t r e v e r s in g  th e  r i g h t / l e f t  p o s i t i o n s  o f  each 
vowel on th e  s p l i t - s c r e e n .  These sequences  were r e re c o rd e d  ( to  
p ro v id e  comparable sound and v i s i o n  q u a l i t y  w ith  C o n d it io n  2) and 
used as  th e  s t im u l i  f o r  the  c o n t r o l  c o n d i t io n  (C on d it io n  1) and th e  
speech  mismatch c o n d i t io n  (C o n d it io n  3)«
Four f u r t h e r  sequences  were p rep a red  from th e  m a s te r  r e c o rd in g s  
f o r  th e  speech  delayed  c o n d i t io n  (C o n d it io n  2 ) .  With th e  sequence 
/ i t f  on th e  l e f t ,  / a /  on th e  r i g h t ,  two re c o rd in g s  were made i n  
which one o f  the  so u n d track s  was re re c o rd e d  bu t de layed  by 
ap p ro x im a te ly  500 m i l l i s e c o n d s ,  th e  o th e r  so u n d track  b e in g  
u n a f f e c t e d .  Two re c o rd in g s  w ith  s i m i l a r  d e lay s  were a l s o  made from 
th e  s p l i t - s c r e e n  sequence / a /  on th e  l e f t  and / i t /  on th e  r i g h t .  
This  d e la y  was ach ieved  by f e e d in g  th e  aud io  s i g n a l  from th e  
a p p r o p r ia t e  channe l on th e  m a s te r  v id e o re c o rd e r  v ia  a Tandberg 
aud io  r e c o rd e r  th en  on to  th e  copying v id e o re c o rd e r .  The o th e r  
so u n d track  went d i r e c t  from th e  m a s te r  to  copy v id e o re c o rd e r .  The 
aud io  tap e  r e c o r d e r  was runn ing  a t  a speed o f  1 7 /8 th  in c h e s  p e r  
second . With app ro x im ate ly  a 1 in c h  gap between th e  r e c o rd  and 
p layback  heads o f  th e  ta p e  r e c o r d e r  t h i s  meant t h a t  t a k in g  th e  
aud io  o u tp u t  from th e  p layback  head to  th e  copying v id e o re c o r d e r  
in t ro d u c e d  a d e la y  o f  ap p ro x im a te ly  500 msec. Thus i n  th e  d e layed  
f a c e /v o ic e  com bination th e  speech  s i g n a l  o f  one o f  th e  so u n d tra c k s  
lagged  th e  o n se t  o f  the  v i s u a l  u t t e r a n c e  by 500 msec.
Page 285
Table 6 .2  d is p la y s  th e  d i f f e r e n t  sequences  u sed .  C o n d it io n  1 
p r e s e n te d  th e  so u n d tra c k s  no rm ally ,  s p a t i a l l y  lo c a te d  w ith  th e  
a p p r o p r ia t e  v i s u a l  s t im u lu s .  I t  c o n s i s te d  o f  two sequences  
c o n t r o l l i n g  f o r  th e  l e f t / r i g h t  p o s i t i o n  o f  th e  a u d i o / v i s u a l  
com bina tions .  C on d it io n s  2 and  3 c o n s i s te d  o f  f o u r  sequences  each , 
c o n t r o l l i n g  f o r  bo th  th e  l e f t / r i g h t  p o s i t i o n s  o f  th e  v i s u a l  
components and th e  e x p e r im e n ta l  m a n ip u la t io n  o f  th e  a u d i o / v i s u a l  
r e l a t i o n s h i p  f o r  each  so u n d tra c k .
The s t im u l i  were r e la y e d  to  th e  s u b je c t  from a JVC CP-5500E 
v id e o re c o rd e r  v ia  two Sony CVM-2000 PSB tw e n ty - in c h  c o lo u r  
m o n i to rs ,  one lo c a te d  a t  th e  c e n t r e  p o s i t i o n  o f  th e  a p p a ra tu s  shown 
i n  F ig u re s  2a and 2b (pp. 127 and 128) and th e  o th e r  a t  th e  r i g h t  
hand p o s i t i o n  r e l a t i v e  to  th e  s u b j e c t  c h a i r .  For a l l  sequences  i n  
each c o n d i t io n ,  h a l f  o f  each m onito r  was masked. For th e  l e f t  hand 
m o n ito r ,  th e  r i g h t  h a l f  was masked and f o r  th e  r i g h t  hand m on ito r  
th e  l e f t  h a l f  was masked. Thus a l th o u g h  b o th  vowels were b e in g  
p re s e n te d  to  each s c re e n  th e  s u b je c t  saw on ly  one, and a d i f f e r e n t  
one a t  each l o c a t i o n .  For C on d it io n s  1 and  2, th e  so u n d tra c k  f o r  
each  vowel was r e la y e d  to  th e  a p p r o p r ia te  m o n ito r .  Thus th e  / a /  
sound was re la y e d  to  th e  m on ito r  d i s p la y in g  th e  v i s u a l  / a /  and / i l /  
to  th e  o th e r  m o n i to r .  For C ond it ion  3, on ly  one s o u n d tra c k  was 
p re s e n te d  bu t re la y e d  to  bo th  m o n i to rs .  Colour b a lance  and aud io  
l e v e l s  were e q u a l i s e d  a c ro s s  th e  m o n i to rs .
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C ondition Sequence M odality L eft Right
1 V isu a l f a / / a /
A ud ito ry f a / / a /
C on tro l
2 V isu a l / a / f a j
A udito ry / a / f a /
3 V isu a l Hi! / a /
A ud ito ry fa ! / a /  de layed
4 V isu a l fa ! / a /
A ud ito ry /il/ delayed  / a /
Delayed
■5 V isu a l / a / f a /
A udito ry / a /  delayed  /il/
6 V isu a l / a / f a /
A udito ry / a / /il/ de layed
7 Vi s u a l / a / f a /
A udito ry fa /.- /i:/
8 V isu a l / a / /il/
A udito ry / a / / a /
Mismatch
9 V isu a l f a / / a /
A ud ito ry f a / f a /
10 V isu a l fa ! / a /
A ud ito ry / a / / a /
Table 6 .2  S tim ulus  p r e s e n t a t i o n  sequences f o r  Experiment 5.
Each sequence was 120 seconds  i n  le n g th .  Im m ediately  p r i o r  to  
th e  e x p e r im e n ta l  sequence a f a m i l i a r i s a t i o n  p e r io d  was in t ro d u c e d .  
During t h i s  phase th e  i n f a n t  was shown a te n  second sequence o f  one 
face  on one m o n ito r ,  b lank  on th e  o th e r ,  and then  a t e n  second
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*fequence o f  th e  face  on th e  second m o n ito r ,  th e  f i r s t  be ing  b la n k .  
This was done to  ensu re  t h a t  th e  i n f a n t s  were a b le  to  t r a c k  between 
th e  two m o n i to rs .  No v o ic e s  were p re s e n te d  d u r in g  t h i s  
f a m i l i a r i s a t i o n  phase . H a lf  o f  th e  i n f a n t s  in  each e x p e r im e n ta l  
sequence r e c e iv e d  th e  l e f t  m on ito r  f i r s t  th en  th e  r i g h t ,  and h a l f  
th e  r e v e r s e  com bination . A l l  o f  th e  i n f a n t s  looked a t  each m on ito r  
a p p r o p r i a t e l y  d u r in g  th e  f a m i l i a r i s a t i o n  sequence . However, t h i s  
d id  n o t  ensu re  t h a t  a l l  i n f a n t s  a t te n d e d  to  each m on ito r  a t  some 
p o in t  d u r in g  th e  e x p e r im e n ta l  phase .  As r e p o r te d  e a r l i e r ,  seven 
i n f a n t s  f i x a t e d  on ly  one o f  th e  s t im u l i  and c o n seq u en t ly  t h e i r  
r e s u l t s  a r e  n o t  in c lu d ed  in  th e  d a ta  a n a l y s i s .
Independen t c o n t r o l  o f  th e  so u n d tra c k s  and th e  p i c t u r e s  to  th e  
m o n i to rs  was c a r r i e d  out by a computer program ru n n in g  on a 
Commodore PET 32k m icrocom puter. This  machine a l s o  logged th e  d a ta  
by m o n ito r in g  th e  keys used by th e  ex p e r im e n te r  to  i n d i c a t e  which 
f a c e  th e  i n f a n t  was f i x a t i n g  d u r in g  th e  e x p e r im e n ta l  sequence .
P rocedure
I n f a n t s  were randomly a s s ig n e d  to  each  p r e s e n t a t i o n  sequence 
group -  fo u r  i n f a n t s  p e r  sequence . S u b je c ts  were t e s t e d  
i n d i v i d u a l l y  s i t t i n g  on t h e i r  m o th e r ’s la p  and o r i e n t e d  midway 
between th e  two m o n i to rs .  When th e y  e n te re d  th e  e x p e r im e n ta l  room 
b o th  t e l e v i s i o n  m o n ito rs  were a l r e a d y  sw itched  on bu t b o th  s c r e e n s  
were b lan k .  The experim ent commenced by s w i tc h in g  th e  
v id e o re c o rd e r  to  p la y  and runn ing  th e  computer program. No f u r t h e r  
i n t e r v e n t i o n  was r e q u i r e d  u n t i l  th e  experim ent was f i n i s h e d ,  u n le s s
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the  i n f a n t  c r i e d  u n c o n t r o l l a b l y .  In  t h i s  even t th e  experim ent was 
s to p p ed .  The number and d u r a t io n  o f  each observed  f i x a t i o n  was 
a u to m a t ic a l ly  reco rd ed  by th e  m icrocom puter. O b se rv a tio n s  were 
c a r r i e d  ou t by th e  e x p e r im e n te r .  On ap p ro x im ate ly  h a l f  o f  th e  
i n f a n t s  a second o b s e rv e r  was a l s o  p r e s e n t .  I n t e r - o b s e r v e r  
r e l i a b i l i t y  was very  h ig h  (>0 .90  c o r r e l a t i o n s ) .  The s p a t i a l  
d i s p a r i t y  o f  th e  two s t im u l i  ensu red  t h a t  th e r e  were no problem s 
enco u n te red  i n  d e c id in g  which m on ito r  th e  i n f a n t  was v iew ing .
R e s u l t s
Four dependent measures were a b s t r a c t e d  from th e  r e c o rd s  f o r  
each tw o-m inute o b s e rv a t io n  p e r io d .  These were th e  le n g th  o f  th e  
f i r s t  f i x a t i o n  to  each f a c e ,  t o t a l  amount o f  time sp e n t  v iew ing  
each f a c e ,  th e  t o t a l  number o f  f i x a t i o n s  to  each f a c e  and th e  
p e rc e n ta g e  o f  time sp e n t  a t t e n d in g  to  each  f a c e .  The main d a ta  and 
a n a l y s i s  o f  v a r ia n c e  t a b l e s  a r e  shown i n  Appendix 2; summary 
r e s u l t s  f o r  th e  f i r s t  f i x a t i o n s ,  t o t a l  f i x a t i o n s ,  number o f  
f i x a t i o n s  and p e rce n tag e  d a ta  a r e  shown i n  T ab les  5*1, 5*2, 5*3 and  
5-4 r e s p e c t i v e l y .
The h y p o th e s i s  to  be t e s t e d  i s  t h a t  i n f a n t s  can d e t e c t  th e  
correspondence  between speech  in fo rm a t io n  p re s e n te d  a u d i t o r a l l y  and 
v i s u a l l y  and t h a t  t h i s  w i l l  be r e f l e c t e d  in  t h e i r  lo o k in g  tim es  to  
th e  normal and m an ipu la ted  f a c e s  and v o ic e s .  In  th e  fo l lo w in g  
d i s c u s s io n  and t a b l e s ,  th e  use  o f  th e  term  'm a n ip u la te d '  r e f e r s  to  
th e  'd e la y e d '  and 'm ism atched ' f a c e /v o ic e  com binations  o f  
C on d it io n s  2 a n d  3 r e s p e c t iv e l y .
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A s e p a r a te  th r e e  f a c t o r  a n a l y s i s  o f  v a r ia n c e  was c a r r i e d  ou t on 
each  o f  th e  dependent m easures f o r  th e  d a ta  from th e  e x p e r im e n ta l  
c o n d i t io n s  (2 and 3 ) .  Two f a c t o r s  were between s u b je c t  f a c t o r s  -  
C on d it io n  (Delayed o r  Mismatched) and Normal Vowel ( / a /  o r  / i l / ) , 
i . e .  which vowel o f  th e  p a i r  was p re s e n te d  n o rm ally .  The w i th in  
s u b je c t  f a c t o r  was S tim ulus  (Normal o r  M an ip u la ted ) ,  r e l a t i n g  to  
th e  f a c e /v o ic e  com bina tions .
For th e  t o t a l  f i x a t i o n  d a t a ,  th e  number o f  f i x a t i o n s  and th e  
p e rc e n ta g e  d a ta  th e r e  were no s t a t i s t i c a l l y  s i g n i f i c a n t  main
e f f e c t s  o r  i n t e r a c t i o n s .  However a n a l y s i s  o f  the  f i r s t  f i x a t i o n s  
a l th o u g h  ag a in  r e v e a l in g  no s i g n i f i c a n t  main e f f e c t s  d id  show a
sm a l l  bu t s t a t i s t i c a l l y  s i g n i f i c a n t  C ond it ions  by S tim ulus  
i n t e r a c t i o n  (F=6.39; d . f .= 1 ,2 8 ;  p < 0 .0 5 ) .  Table 6 .3  3 ummarises
th e  d a ta .  When p a i re d  w ith  a normal fa c e  th e  i n f a n t s  looked lo n g e r  
a t  th e  normal f a c e /v o ic e  com bination  th a n  th e y  d id  a t  th e  de layed  
com bination , bu t they  looked l e s s  a t  th e  normal face  when i t  was 
p re s e n te d  in  c o n ju n c t io n  w ith  th e  mismatched com bina tion .  
F u rtherm ore ,  a n a l y s i s  o f  th e  i n d i v id u a l  s u b je c t  d a ta  r e v e a le d  t h a t  
t h i s  t r e n d  was n o t  s im ply  due to  one o r  two i n f a n t s  e x h i b i t i n g  
la rg e  d i f f e r e n c e s  i n  th e  d i r e c t i o n  d e s c r ib e d ,  bu t was 
c h a r a c t e r i s t i c  o f  th e  group as  a whole. Table 6 .4  shows f o r  each
s t im u lu s  and each c o n d i t io n  th e  number o f  i n f a n t s  whose f i r s t
f i x a t i o n  was lo n g e r  f o r  t h a t  f a c e /v o ic e  com bina tion . The 
d i f f e r e n c e s  i n  th e  d i s t r i b u t i o n s  a c ro s s  th e  c o n d i t io n s  were 
s i g n i f i c a n t  (C h i-sq u a re = 6 .22; d . f .= 1 ;  p< 0 .0 2 ) .
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C ondition
Face/V oice Combination
Normal Manipulated
Delayed 16.55 5*40
Mismatched 5*47 12.48
Table 6 .5  Mean d u r a t io n  o f  th e  f i r s t  f i x a t i o n  to  each  v id eo  
d i s p la y  f o r  each  ex p e r im e n ta l  c o n d i t io n .
Face/V oice  Combination 
C ond it ion  Normal M anipula ted
Delayed 11 5
Mismatched 3 13
Table 6 .4  Frequency o f  i n f a n t s  i n  each ex p e r im en ta l  c o n d i t io n  
whose f i r s t  f i x a t i o n  was lo n g e s t  to  th e  normal o r  m an ipu la ted  v ideo  
d i s p la y .
These p r e f e r e n c e s  were a l s o  e v id e n t  i n  th e  t o t a l  f i x a t i o n  d a t a ,  
a l th o u g h  th ey  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  T ab les  6 .5  and 
6 .6  show the  r e l e v a n t  d a ta .  There were no s i g n i f i c a n t  d i f f e r e n c e s  
o r  i n t e r a c t i o n s  dependent on which vowel was used as  th e  speech  
s t im u lu s .
Face/V oice  Combination 
C ond it ion  Normal M anipula ted
Delayed 54.11 45*69
Mismatched 37*33 62 .70
Table 6 .5  Mean d u r a t i o n  o f  the  t o t a l  f i x a t i o n  to  each  v id eo  
d i s p la y  f o r  each ex p e r im e n ta l  c o n d i t io n .
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Face/V oice Combination
C ondition . Normal Manipulated
Delayed 10 6
Mismatched 6 10
Table 6 .6  Frequency o f  i n f a n t s  i n  each ex p e r im e n ta l  c o n d i t io n  
whose t o t a l  f i x a t i o n  was lo n g e s t  to  th e  normal o r  m an ipu la ted  v ideo  
d i s p la y .
The c o n c lu s io n  must be t h e r e f o r e  t h a t  i n f a n t s  o f  t h i s  age can 
d e t e c t  th e  co rrespondence  between a u d i to r y  and v i s u a l  in fo rm a t io n  
f o r  a r t i c u l a t e d  speech .  They d i f f e r e n t i a l l y  view examples o f  
speech  s t im u l i  t h a t  have had th e  normal s ig h t / s o u n d  r e l a t i o n s h i p  
d i s r u p te d .  The cu r io u s  a s p e c t  o f  th e  p re s e n t  d a ta  i s  th e  way in  
which t h i s  d e t e c t i o n  i s  m a n ife s te d .  The r e s u l t s  from th e  Delayed 
c o n d i t io n  a r e  c o n s i s t e n t  w ith  Dodd (1979) and S p e lk e 's  s t u d i e s  
(1976, 1979) where th e  v i s u a l  s t im u lu s  a p p r o p r ia te  to  th e  sound was 
p r e f e r r e d  r a t h e r  th an  th e  in a p p r o p r i a t e  v i s u a l  s t im u lu s .  The 
e x p e c ta t io n  from th e se  s t u d i e s  would be t h a t  i n  th e  Mismatched 
c o n d i t io n  h e re  i f  th e  i n f a n t s  d e t e c t  th e  la c k  o f  a u d i o / v i s u a l  
correspondence  i n  th e  m an ipu la ted  s t im u l i  th e y  would a l s o  view th e  
normal s t im u lu s  com bination  f o r  lo n g e r ,  bu t th e  r e v e r s e  has  
o c c u r re d .  To a t te m p t  to  e x p l i c a t e  t h i s  f in d in g  a f u r t h e r  s e r i e s  o f  
a n a ly se s  were conducted u s in g  th e  c o n t r o l  c o n d i t io n s .
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I f  we tak e  each v i s u a l  vowel s e p a r a t e l y  one can view th e
c o n d i t io n s  as  c o n s i s t i n g  o f  one where th e  vowel i s  p r e s e n te d
norm ally  and in  o p p o s i t io n  to  th e  o th e r  vowel p re s e n te d  n o rm ally ;  
a second where th e  vowel i s  p r e s e n te d  w ith  i t ' s  sound component 
de layed  bu t a g a in  i n  c o n ju n c t io n  w ith  th e  o th e r  vowel p re s e n te d  
no rm ally  and f i n a l l y  a t h i r d  c o n d i t io n  where th e  vowel i s  p r e s e n te d  
synch ronous ly  w ith  a d i f f e r e n t  sound and a g a in  p a i r e d  w ith  th e  
o th e r  normal vowel. I f  one makes th e  assum ption  t h a t  th e  i n f a n t s  
p ro c e s s in g  o f  the  normal p r e s e n t a t i o n  o f  th e  o th e r  s t im u lu s  i s  
com parable a c ro s s  th e  c o n d i t io n s  th en  one can th e n  d i r e c t l y
i n v e s t i g a t e  which o f  th e  m an ip u la ted  vowel c o n d i t io n s  i s  responded  
to  most l i k e  th e  vowel p re s e n te d  n o rm ally .  Because on ly  e ig h t  
s u b j e c t s  were run  under th e  c o n t r o l  c o n d i t io n  t h i s  a n a l y s i s  had to  
conducted  f o r  th e  / a /  and / i l /  vowels s e p a r a t e l y .
S ix ,  two f a c t o r  a n a ly se s  o f  v a r ia n c e  were conducted , t h r e e  f o r  
th e  / a /  vowel and th r e e  f o r  th e  j iz j  vowel. The measures used  were 
t h e  f i r s t  f i x a t i o n ,  th e  t o t a l  f i x a t i o n  and th e  p r o p o r t i o n  o f  
f i x a t i o n  to  each s t im u lu s .  The number o f  f i x a t i o n s  were n o t
a n a ly se d  as  th ey  were th e  l e a s t  in fo rm a t iv e  measure i n  th e  p re v io u s  
s e t  o f  a n a ly s e s .  The f a c t o r s  were C ond it ion  (C o n tro l ,  Delayed and 
Mismatched) and P o s i t i o n  (L e f t  o r  R ig h t ) ,  i . e .  on which m o n ito r  
th e  s t im u lu s  p a i r  was p r e s e n te d .  The ANOVA t a b l e s  a re  p r e s e n te d  i n  
Appendix 2. For th e  t o t a l  f i x a t i o n  s c o re s  and th e  p r o p o r t i o n s  
t h e r e  were no s i g n i f i c a n t  e f f e c t s  f o r  C ond it ion  on e i t h e r  measure 
f o r  e i t h e r  vowel, o r  any s i g n i f i c a n t  i n t e r a c t i o n s .  There were 
however, s u b s t a n t i a l  p o s i t i o n  p r e f e r e n c e s  ( a l l  f o u r  F v a lu e s  
>10.50; d . f . =  1 ,18 ; p < 0 .0 1 ). There was an o v e r a l l  p r e f e r e n c e  f o r
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io ok ing  to  the  r i g h t .  The o v e r a l l  mean p ro p o r t io n  sp e n t  v iew ing  
th e  r i g h t  hand s t im u lu s  was 67.56 p e r c e n t .
There were no s i g n i f i c a n t  p o s i t i o n  e f f e c t s  i n  th e  f i r s t  
f i x a t i o n  s c o r e s ,  a l th o u g h  th e  i n f a n t s  g e n e r a l ly  had lo n g e r  f i r s t  
f i x a t i o n s  to  th e  r i g h t  (mean= 12.24  s e c o n d s )  than  to  th e  l e f t  
(mean= 6 .92  s e c o n d s ) .  There were a l s o  no s i g n i f i c a n t  d i f f e r e n c e s  
between th e  c o n d i t io n s  o r  any i n t e r a c t i o n  e f f e c t s .  However a s  
Table 6 .7  shows th e re  was an i n t e r e s t i n g  p a t t e r n  f o r  each  vowel. 
In  bo th  c a s e s  th e  de layed  example was th e  l e a s t  a t te n d e d  t o .  The 
c o n t r o l  and mismatched s t im u l i  show a r e v e r s a l  a c ro s s  th e  vowels i n  
t h e i r  r e l a t i v e  m agnitudes .
Vowel ( v i s u a l  a r t i c u l a t i o n )
C ond it ion  / a /  / i l /
Normal 12.39 9-34
Delayed 4 .53  6 .27
Mismatched 10.80 14.15
Table 6 .7  Mean f i r s t  f i x a t i o n  to  each f a c e /v o ic e  p a i r  f o r  / a /
and / l i /  v i s u a l  a r t i c u l a t i o n .
Because o f  th e  way i n  which th e  i n f a n t s ’ beh av io u r  was 
m onito red , i . e .  t h e i r  v i s u a l  a t t e n t i o n  t h e r e  i s  a n a t u r a l  tendency  
to  a r ra n g e  th e  d a ta  a c c o rd in g  to  th e  v i s u a l  c h a r a c t e r i s t i c s  o f  th e  
s t i m u l i .  In  th e  t a b l e s  i l l u s t r a t e d  th e  c o n s ta n t  f e a t u r e  a c r o s s  th e  
c o n d i t io n s  i s  th e  v i s u a l  a r t i c u l a t i o n  p r e s e n te d .  Thus in  th e  / a /
column, th e  c e l l  co rre sp o n d in g  to  th e  mismatched c o n d i t io n  i s  th e  
mean f i r s t  f i x a t i o n  to  v i s u a l  / a /  p r e s e n te d  w ith  a u d i to r y  / I - / .
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Table 6 .8  r e a r ra n g e s  th e  d a ta  o f  Table 6 .7  s o  t h a t  i t  i s  now 
c a te g o r i s e d  a c c o rd in g  to  th e  sound a r t i c u l a t i o n  p re s e n te d  r a t h e r  
th a n  th e  v i s u a l  a r t i c u l a t i o n .  Thus th e  mismatch c o n d i t io n  i s  now 
to  be c o n c e p tu a l i s e d  as  th e  a d d i t i o n  o f  a d i f f e r e n t  v i s u a l  
a r t i c u l a t i o n  to  th e  sound p re s e n te d  r a th e r th a n  as  th e  dubbing o f  a 
d i f f e r e n t  sound onto  a v i s u a l  a r t i c u l a t i o n .  Note t h a t  th e  
im p l ic a t io n s  i n  term s o f  th e  h y p o th e ses  r e g a rd in g  a u d i o / v i s u a l  
co rrespondence  do n o t  change, however th e  d a ta  become c l e a r e r  and 
more m ean ing fu l.  Now we can see  (Table 6 .8 )  t h a t  f o r  bo th  vowels 
th e r e  i s  a c l e a r  and c o n s i s t e n t  o rd e r in g  o f  th e  f i r s t  f i x a t i o n  
tim es -  D elayed, Normal and Mismatched. In  p a r t i c u l a r  th e  
d i f f e r e n c e s  between th e  normal and mismatch c o n d i t io n s  a r e  s m a l le r  
th a n  th e  d i f f e r e n c e s  between th e  de layed  and normal c o n d i t i o n s .  
U n fo r tu n a te ly  t h i s  change makes th e  d i f f e r e n c e s  no more 
s t a t i s t i c a l l y  s i g n i f i c a n t .
Table 6 .8  Mean f i r s t  f i x a t i o n  to  each f a c e /v o ic e  p a i r  f o r  / a /  
and / l l /  sound a r t i c u l a t i o n .
-Because o f  th e  weak n a tu re  o f  th e  s t a t i s t i c a l  d i f f e r e n c e s  t h e r e  
i s  one f u r t h e r  f a c t o r  t h a t  has to  be c o n s id e re d .  The f i r s t  
f i x a t i o n s  r e f e r r e d  to  a r e ,  s t r i c t l y  sp eak in g ,  n o t  a l l  f i r s t  
f i x a t i o n s ;  some a re  second, t h i r d  o r  even f o u r th  f i x a t i o n s .  That
C ond it ion
Vowel (sound a r t i c u l a t i o n )  
/ a /  /i t!
Normal
Delayed
Mismatched
12.39 9 .34
4.53  6 .27
14.15 10.80
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i s  on each t r i a l  th e  i n f a n t  can on ly  look  a t  one o f  th e  s t im u l i  
' f i r s t ' .  The ' f i r s t '  f i x a t i o n  to  th e  o th e r  s t im u lu s  must he a t  
some l a t e r  p o in t  i n  th e  sequence . O bviously  th e r e  w i l l  be some 
h a b i t u a t i o n  o f  a t t e n t i o n  d u r in g  th e  t r i a l  p e r io d  and i t  could  be 
th e  case  t h a t  th e  d i f f e r e n c e s  h e re  s im ply  r e f l e c t  t h a t  th e  f i r s t  
f i x a t i o n s  f o r  some o f  th e  s t im u l i  were o ccu r in g  l a t e r  i n  th e  
sequence . A ccord ing ly  th e  d a ta  were r e a n a ly s e d  so t h a t  f o r  each
c o n d i t io n  two groups o f  s u b je c t s  were formed -  one where th e
i n f a n t s  viewed th e  normal f a c e /v o ic e  com bination  as  t h e i r  f i r s t
f i x a t i o n  o f  th e  sequence and a second group who viewed th e  
m an ip u la ted  f a c e /v o ic e  com bination  f i r s t .  S ince  th e  numbers o f  
s u b je c t s  i n  th e s e  groups were q u i t e  d i f f e r e n t  no s t a t i s t i c a l  
a n a l y s i s  was c a r r i e d  o u t .  However in s p e c t io n  o f  th e  mean v a lu e s  
re v e a le d  no d i s c e r n i b l e  d i f f e r e n c e s .  For example, i n  th e  Delayed 
c o n d i t io n ,  e leven  s u b je c t s  viewed th e  normal com bination  f i r s t  and 
t h e i r  mean f i r s t  f i x a t i o n  tim es were 18.50 t o  th e  normal f a c e /v o ic e  
v ideo  and 5*31 t o  th e  delayed  f a c e /v o ic e  s t im u lu s ;  f i v e  s u b j e c t s  
viewed th e  delayed  com bination  f i r s t  and t h e i r  mean v a lu e s  were
14.60 t o  th e  normal s t im u lu s  and 5*49 to  th e  delayed  com b in a tio n .  
The Mismatched c o n d i t io n  a l s o  showed no d i f f e r e n c e s  between 
s u b je c t s  v iew ing  th e  normal s t im u lu s  on t h e i r  f i r s t  look  and th o se  
v iew ing  th e  mismatched s t im u lu s  on t h e i r  f i r s t  look .  Thus a l l  o f  
th e  ' f i r s t '  f i x a t i o n s  ap p ea r  to  p ro v id e  a c c u r a te  m easures o f  th e  
i n f a n t s  i n t i a l  a t t e n t i o n  to  each  s t im u lu s .
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D iscu ssion
The q u e s t io n  t h a t  remained a t  th e  end o f  Experiment 4 can now 
be answ ered. The d a ta  from t h a t  s tu d y  was eq u iv o c a l  a s  to  w hether
i n f a n t s  were d e t e c t i n g  th e  m a n ip u la t io n  o f  th e  normal r e l a t i o n s h i p
t h a t  h o ld s  between f a c i a l  movements and sounds f o r  speech  s t i m u l i .  
The n a tu re  o f  th e  m a te r i a l s  used in  t h a t  i n v e s t i g a t i o n  d id  n o t  
p re c lu d e  th e  i n t e r p r e t a t i o n  t h a t  i n f a n t s  were s im ply  re sp o n d in g  to  
th e  o v e r a l l  amount o f  s t im u lu s  in fo rm a t io n  p re s e n te d .  Experiment 5 
s o u g h t  to  r e s o lv e  t h a t  q u e s t io n .
The r e s u l t s  o b ta in e d  i n d i c a t e  t h a t  f i v e  month o ld  i n f a n t s  a r e  
re s p o n s iv e  to  th e  co rrespondence  between speech  movements and 
sounds a t  l e a s t  f o r  sim ple vow els . Furtherm ore  i t  showed t h a t  th e y  
can  d e t e c t  n o t  on ly  th e  d i f f e r e n c e  between normal and d e layed
speech  but a l s o  between normal and mismatched speech . They w i l l  on
f i r s t  v iew ing  f i x a t e  a f a c e  lo n g e r  i f  i t  p r e s e rv e s  th e  normal
tem pora l s y n c h ro n is a t io n  w ith  th e  co n c u rre n t  speech  th a n  th e y  w i l l  
a p a i r i n g  where th e  speech  i s  d e lay ed .  Secondly , they  w i l l  f i x a t e  
a f a c e ,  where a d i f f e r e n t  speech  sound i s  p r e s e n te d  and tem p o ra l  
s y n c h ro n is a t io n  i s  p re s e rv e d ,  lo n g e r  th an  an unm odified  f a c e /v o ic e  
p a i r i n g .  That i s  they  a r e  aware a t  some l e v e l  o f  b o th  th e  tem pora l  
and s t r u c t u r a l  r e l a t i o n s h i p s  t h a t  occu r  between th e  a u d i to r y  and 
v i s u a l  a t t r i b u t e s  o f  speech .  Note t h a t  we cannot a t t r i b u t e  th e
d i f f e r e n c e s  i n  th e  mismatch c o n d i t io n  as  s im ply  be ing  due to  some
u n n o ticed  (by th e  e x p e r im en te r  t h a t  i s )  a s p e c t  o f  tem p o ra l
d i s r u p t i o n  s in c e  th e  p a t t e r n  o f  beh av io u r  was q u i t e  d i f f e r e n t  to  
t h a t  produced by the  delayed  c o n d i t io n .  The r e s u l t s  su g g e s t  i n
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f a c t  t h a t  th e  r e c o rd in g  p ro ced u res  adop ted  i n  th e  p ro d u c t io n  o f  th e  
mismatched c o n d i t io n s  was com ple te ly  s u c c e s s f u l  i n  p r e s e rv in g  th e  
rhythm and s y n c h ro n is a t io n  o f  th e  two vowels u sed .  The ev idence  
however i s  n o t  overwhelming. The f i r s t  f i x a t i o n s  were th e  only  
measure to  show th e s e  e f f e c t s  s t a t i s t i c a l l y ,  a l th o u g h  th e  o th e r  
measures d id  i n d i c a t e  th e  same t r e n d s .
The problem to  be c o n s id e re d  now i s  what a r e  th e  im p l i c a t io n s  
o f  th e s e  r e s u l t s ?  I t  could  be argued t h a t  i n f a n t s  s im ply  have 
c o g n i t iv e  mechanisms t h a t  a l low  them to  d e t e c t  when two d i f f e r e n t  
s t im u lu s  sequences  run  i n  c o n ju n c t io n ,  i . e .  to  d e t e c t  th e
correspondence  i n  th e  s t im u lu s  p a ram e te rs  and th e  changes i n  th e
s t im u lu s  p a ram ete rs  a c ro s s  t im e . That i s  i n  l i n e  w i th  th e
G ibsonian  argum ent. More c r i t i c a l l y  th e  q u e s t io n  to  be a sk ed ,  i s  
what do th e s e  r e s u l t s  i n d i c a t e  abou t th e  young i n f a n t ' s i n t e r n a l  
r e p r e s e n t a t i o n  o f  speech  s t im u l i ?  I f  the  i n f a n t s  a r e  s im ply  
re spond ing  to  tem pora l changes i n  th e  s t im u lu s  p a ram e te rs  th e n  I  
would argue t h a t  th e r e  should  have been no d i f f e r e n c e  between th e
normal speech  p a i r  and th e  mismatched speech  p a i r i n g  s in c e  th e s e  
changes were c o n t r o l l e d .  However th e r e  were d i f f e r e n c e s  i n  th e  
i n f a n t s '  a t t e n t i o n a l  p a t t e r n s .
I f  i n f a n t s  o f  t h i s  age do i n t e g r a t e  th e  a u d i to r y  and v i s u a l  
speech  in fo rm a t io n  i n t o  some common i n t e r n a l  r e s p r e s e n t a t i o n  how 
might t h a t  p ro c e ss  o p e ra te ?  F i r s t l y  th e y  would have to  d e t e c t  
w he ther  th e  two ch an n e ls  were te m p o ra l ly  r e l a t e d .  I f  th e y  were n o t  
th en  th e r e  would be no p o s s i b i l i t y  o f  i n t e g r a t i o n .  Once th e  
tem pora l co rrespondence  i s  ach ieved  o r  d e te c te d  th e n  th e
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i n t e g r a t i o n  can ta k e  p la c e .  Now s in c e  i n  th e  mismatch c o n d i t io n s  
p re s e n te d  h e re  th e  i n f a n t s  would d e t e c t  some tem p o ra l  
correspondence  between th e  a u d i to r y  and v i s u a l  c h a r a c t e r i s t i c s  o f  
th e  mismatched p a i r  th e n  th e  i n t e g r a t i o n  o f  th e s e  two ch a n n e ls  
would be a t te m p te d .  However, i n  t h i s  case  ( p a i r i n g  o f  / a /  and / e / )  
no p o s s ib le  i n t e g r a t e d  p e rc e p t  could  r e s u l t  -  th e se  vowels hav ing  
been d e l i b e r a t e l y  s e l e c t e d  f o r  t h i s  r ea so n  -  th e  i n f a n t s  would 
spend lo n g e r  a t te m p t in g  to  do so th a n  th e y  would have to  f o r  a 
normal f a c e /v o ic e  p a i r i n g .  Hence th e  r e s u l t a n t  lo n g e r  f i r s t  
f i x a t i o n s  to  th e  mismatched com bina tions .  C onverse ly ,  th e  
m an ipu la ted  p a i r i n g  in  th e  Delayed c o n d i t io n s  a r e  f i x a t e d  l e s s  th a n  
th e  normal p a i r  because th e  la c k  o f  tem pora l co rrespondence  i s  
q u ic k ly  d e te c te d  and no f u r t h e r  i n t e g r a t i o n  i s  a t tem p ted  a t  t h a t  
s t a g e .
In  summary then  i t  i s  b e ing  proposed t h a t  i n f a n t s  o f  t h i s  age 
do have i n t e r n a l  r e p r e s e n t a t i o n s  o f  speech  s t im u l i  t h a t  encode b o th  
t h e i r  a u d i to r y  and v i s u a l  c h a r a c t e r i s t i c s ,  and t h a t  th e  p ro c e s s in g  
o f  f a c e  to  face  speech  i s  done i n  an  i n t e g r a t e d  and c ro ss -m o d a l  
manner.
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CHAPTER SEVEN
DISCUSSION AND CONCLUSIONS
Summary and D iscu ssion
The experim en ts  r e p o r te d  h e re  were des igned  to  e l u c i d a t e  th e  
n a tu re  o f  th e  p ro c e s s in g  o f  s im u l ta n e o u s ly  p re se n te d  a u d i to r y  and 
v i s u a l  in fo rm a t io n  by young i n f a n t s  from 3 months to  12 months o f  
age . In  p a r t i c u l a r  th e y  were c o n s t ru c te d  to  i n v e s t i g a t e  th e  
ev idence  f o r  independen t o r  c o o rd in a te d  p ro c e s s in g  o f  th e s e  
m o d a l i t i e s .  The f i n a l  s e c t i o n  o f  C hapter 1 -  th e  I n t r o d u c t io n  and 
Review, o u t l in e d  a h i e r a r c h i c a l  model o f  th e  development o f  
a u d i o - v i s u a l  i n t e g r a t i o n .  The h y p o th e s is  p u t  forw ard  was t h a t  
th e se  sen so ry  system s proceed  from m utual s im u ltaneous  p ro c e s s in g  
which i s  dependent upon th e  p a r t i c u l a r  s p a t i a l  o r g a n i s a t i o n  o f  th e  
sen so ry  a p p a r a tu s ,  th rough  an e n c a p s u la t io n  o r  r e p r e s e n t a t i o n  o f  
o b j e c t s  o r  e v e n ts  bo th  i n  term s o f  t h e i r  modal s p e c i f i c  p r o p e r t i e s  
and a l s o  th e  p r o p e r t i e s  common to  b o th  m o d a l i t i e s ,  t h a t  i s  th e  
s t r u c t u r a l  e q u iv a le n c e s .  From t h i s  p o in t  th e  c e n t r a l  nervous  
system  th en  p roceeds  to  d is c o v e r  and ta k e  in t o  acco u n t th e  
p r o b a b i l i s t i c  o r  a s s o c i a t i v e  r e l a t i o n s h i p s  between o b je c t  
p r o p e r t i e s ,  to  ac h ie v e  a f u l l y  i n t e g r a t e d  o r g a n i s a t io n  o f  v i s i o n  
and a u d i t i o n .  Each o f  th e  experim en ts  r e p o r te d  m a n ip u la ted  o r  
u t i l i s e d  one o r  more o f  th e s e  a u d i o - v i s u a l  r e l a t i o n s h i p s  to  
de term ine  to  what e x te n t  i n f a n t s  i n  th e  f i r s t  y e a r  o f  l i f e  a r e  
re sp o n s iv e  to  them.
This d i s c u s s io n  w i l l  f i r s t  summarise th e  f in d in g s  from each 
experim ent b e fo re  a t te m p t in g  to  p la c e  them in  a c o n te x t  w i th  th e  
r e s t  o f  th e  l i t e r a t u r e  t h a t  has to  be accoun ted  f o r  i n  any th e o ry
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o f  a u d i o - v i s u a l  i n t e g r a t i o n .  The model o u t l in e d  i n  th e  
I n t r o d u c t io n  w i l l  th e n  be e v a lu a te d  a g a i n s t  th e  ev idence  and 
s u g g e s t io n s  made bo th  f o r  f u r t h e r  e x p e r im e n ta l  i n v e s t i g a t i o n  and 
a r e a s  o f  t h e o r e t i c a l  a n a l y s i s .
Experim ents  1 and  2 both  d e a l t  w ith  two i s s u e s .  F i r s t l y ,  th ey  
i n v e s t i g a t e d  to  what e x te n t  i n f a n t s  from 6 to  12 months can m o n i to r  
and p ro c e s s  two s im u l ta n e o u s ly  p r e s e n te d ,  bu t s p a t i a l l y  s e p a r a te d  
sounds, i n  c o n ju n c t io n  w ith  e i t h e r  one o r  two v i s u a l  s t i m u l i .  
S p e c i f i c a l l y ,  a h ig h ly  s a l i e n t  a u d i o - v i s u a l  s t im u lu s  was r e p e a te d ly  
p r e s e n te d  c e n t r a l l y ,  i n  c o n ju n c t io n  w ith  a p e r i p h e r a l l y  p re s e n te d  
a u d i to r y  s t im u lu s  i n  Experiment 1 and an a u d i to r y  and v i s u a l  
s t im u lu s  i n  Experiment 2. The prim ary  dependent v a r i a b l e  was th e  
i n f a n t s '  d i s t r i b u t i o n  o f  v i s u a l  a t t e n t i o n  to  each o f  th e s e  s t im u lu s  
so u rc e s  over th e  r e p e a te d  p r e s e n t a t i o n s  and th e  change i n  t h i s  
d i s t r i b u t i o n  consequent upon m a n ip u la t io n  o r  m o d i f ic a t io n  o f  one o r  
o th e r  o f  th e  s t i m u l i .
The r e s u l t s  from Experiment 1 showed t h a t  th e  o ld e r  i n f a n t s  
d i s t r i b u t e d  t h e i r  v i s u a l  a t t e n t i o n  more even ly  between th e  s t im u l i  
th an  d id  th e  younger i n f a n t s .  The n in e  and tw elve month o ld  groups 
f i x a t e d  th e  p e r ip h e r a l  s t im u lu s  lo n g e r  and o r i e n t e d  to  i t  f a s t e r  
th an  d id  th e  s i x  month o ld  group. However, t h e r e  were no age 
d i f f e r e n c e s  w ith  r e s p e c t  to  th e  i n f a n t s '  b ehav iou r  when changes 
were made to  th e  s t i m u l i .  The younger i n f a n t s  a l th o u g h  o s t e n s i b l y  
paying  l e s s  a t t e n t i o n  to  th e  p e r ip h e r a l  s t im u lu s  th an  th e  o th e r  two 
g roups , responded to  a change i n  t h i s  s t im u lu s  as  q u ic k ly  a s  th e  
o ld e r  i n f a n t s .  S im i la r ly  th e y  were a s  r e sp o n s iv e  to  a change i n
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th e  v i s u a l  component o f  th e  c e n t r a l  s t im u lu s  as  th e  n in e  and tw elve 
month o ld  i n f a n t s .  Thus th e  c o n c lu s io n  i s  t h a t  th e  younger i n f a n t s  
a r e  more s t im u lu s  hound i n  t h e i r  o v e r t  a t t e n t i o n ,  i n  a 
m u l t i - s t im u lu s  env ironm ent, hu t th e y  a r e  a b le  to  m on ito r  a t  some 
l e v e l  o th e r  so u rc e s  o f  a u d i to r y  s t im u la t io n .  C e r t a in ly  a t  a 
d e t a i l e d  enough l e v e l  to  respond to  th e  g ro s s  p h y s ic a l  changes i n  
th e  p e r i p h e r a l  s t im u lu s  in t ro d u c e d  h e re .
E x p e r im e n t s  in v o lv e d  a more complex env ironm ent, i n  t h a t  
c o lo c a te d  w ith  th e  p e r i p h e r a l  a u d i to r y  s t im u lu s  an a d d i t i o n a l  
v i s u a l  s t im u lu s  was p r e s e n te d .  This  m o d i f ic a t io n  had an im m ediate 
e f f e c t  on th e  i n f a n t s '  o v e r t  v i s u a l  a t t e n t i o n  i n  t h a t  a t  a l l  age 
l e v e l s ,  i n  comparison w ith  Experiment 1, f i x a t i o n  was d i s t r i b u t e d  
more ev en ly  between th e  c e n t r a l  and p e r i p h e r a l  s t i m u l i .  Thus th e  
c e n t r a l  s t im u lu s  had l e s s  a t t e n t i o n  p a id  to  i t  th an  under  th e  
c o n d i t io n s  o f  th e  f i r s t  experim en t .  However, b o th  th e  age g roups 
t e s t e d ,  s i x  and n in e  month o ld  b a b ie s ,  were a s  re sp o n s iv e  to  th e  
change i n  t h i s  s t im u lu s  i n  th e  more complex environm ent o f  
Experiment 2 a s  they  had been under th e  r e l a t i v e l y  l e s s  complex 
environm ent o f  Experiment 1. This in c re a s e d  com plex ity  d id  n o t  
a f f e c t  th e  v i s u a l  p ro c e s s in g  o f  th e  c e n t r a l  s t im u lu s  i n  any marked 
f a s h io n .  However t h i s  in c re a s e d  com plex ity  d id  have e f f e c t s  on th e  
i n f a n t s '  p ro c e s s in g  o f  some o f th e  o th e r  s t im u lu s  s o u rc e s ,  i n  
p a r t i c u l a r  th e  p ro c e s s in g  o f  th e  p e r ip h e r a l  a u d i to r y  s t im u lu s .  
A lthough th e r e  was more o v e r t  a t t e n t i o n  pa id  to  th e  p e r i p h e r a l  
a u d i o - v i s u a l  complex in  th e  second experim en t ,  th an  in  th e  f i r s t ,  
t h e r e  was no ev idence  o f  r e s p o n s iv i t y  to  th e  change o f  th e  a u d i to r y  
component i n  th e  second experim en t .  One must conclude t h e r e f o r e
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t h a t  th e  v i s u a l  component o f  th e  p e r ip h e r a l  s t im u lu s  imposed an 
a d d i t i o n a l  p ro c e s s in g  lo a d  on th e  i n f a n t s '  c a p a c i t i e s .  There a r e  
a t  l e a s t  two p o s s ib le  mechanisms t h a t  could account f o r  t h i s  
r e s u l t .  F i r s t l y  th e  a d d i t i o n a l  v i s u a l  p ro c e s s in g  could  be 
i n h i b i t i n g  o r  d i s r u p t i n g  th e  m o n i to r in g  o f  th e  a u d i to r y  
env ironm ent.  That i s  th e  i n f a n t  i s  s im ply  n o t  sam pling  a l l  th e  
a u d i to r y  i n p u t s .  A l t e r n a t i v e l y ,  th e  i n f a n t s '  a u d i to r y  scan n in g  o r  
m o n i to r in g  may be i n t a c t  b u t  he i s  unab le  to  code o r  b u i ld  up a 
r e p r e s e n t a t i o n  o f  th e  l a t e r a l  s t im u lu s  as  q u ic k ly  a s  he could  when 
th e re  were fewer s t im u l i  to  p ro c e s s .  I n d i r e c t  ev idence  s u g g e s ts  
t h a t  th e  l a t t e r  a l t e r n a t i v e  i s  th e  c o r r e c t  one. We know from th e  
r e s u l t s  o f  th e  f i r s t  experim ent t h a t  n in e  month o ld  i n f a n t s  a r e  
more e f f i c i e n t  p ro c e s s o r s  i n  a m u l t i - s t im u lu s  environm ent th a n  s i x  
month o ld  b a b ie s .  The o ld e r  i n f a n t s  r e q u i r e d  l e s s  f i x a t i o n  to  
d i s c r im in a t e  th e  changes i n  th e  v i s u a l  s t im u lu s .  By in f e r e n c e  th en  
th ey  must have b u i l t  up a r e p r e s e n t a t i o n  o f  th e  h a b i t u a t i o n  
s t im u lu s  f a s t e r  th a n  th e  younger age group. F urtherm ore  th e y  
d is c r im in a te d  th e  change i n  th e  l a t e r a l  v i s u a l  s t im u lu s  i n  
Experiment 2 w hich th e  s i x  month o ld  i n f a n t s  d id  n o t .  One must 
assume t h a t  th e s e  s i x  month o ld  i n f a n t s  would have made t h i s  
d i s c r im in a t io n  had th ey  been g iven  more ex p e r ie n c e  w ith  th e  
s t im u lu s ,  t h a t  i s  more h a b i t u a t i o n  t r i a l s  to  a l lo w  them to  b u i l d  up 
a r e p r e s e n t a t i o n  o f  th e  v i s u a l  o b je c t  a t  th e  s id e .  Assuming t h a t  
s i m i l a r  mechanisms govern th e  way i n  which r e p r e s e n t a t i o n s  o f  
a u d i to r y  s t im u l i  a r e  c o n s t ru c te d  th en  th e  same l i n e  o f  re a s o n in g  
a p p l i e s  to  th e  encoding  and d i s c r i m in a t io n  o f  th e  l a t e r a l  a u d i to r y  
s t im u lu s ,  which we know to  be d i s c r im in a b le ,  from th e  r e s u l t s  o f  
th e  f i r s t  experim ent by in f a n t s  o f  t h i s  age . That i s  th e  i n f a n t s
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a r e  engaged in  a m o n i to r in g  o r  scan n in g  o f  th e  m u l t ip le  so u rc e s  o f  
s t im u la t i o n  bu t t h a t  i n  more complex env ironm ents  they  ta k e  lo n g e r  
t o  encode s t im u l i  t h a t  a r e  p e r ip h e r a l  o r  r e l a t i v e l y  l e s s  a t t e n t i o n  
g e t t i n g .
Obviously  much f u r t h e r  work i s  r e q u i r e d  to  e l u c i d a t e  th e s e  
h y p o th e s ise d  p ro c e s s e s .  However perhaps  th e  most im p o r ta n t  p o in t  
to  emerge from th e se  two experim en ts  i s  t h a t  th rough  th e  u se  o f  a 
paradigm o f  t h i s  s o r t ,  by v a r i a t i o n  i n  th e  amount o f  exposure  to ,  
and th e  number and s a l i e n c y  o f  th e  competing s t im u l i  one could  
c h a r t  q u i t e  a c c u r a t e l y  . th e  d i s t r i b u t i o n  o f  a t t e n t i o n  and d ep th  o f  
p ro c e s s in g  o f  b o th  v i s u a l  and a u d i to r y  m a te r i a l  even i n  p r e - v e r b a l  
s u b je c t s  o f  th e s e  a g es .
Experim ents  1 and  2 a l s o  d e a l t  w ith  th e  s p a t i a l  dependency o f  
sound and v i s io n ,  in  p a r t i c u l a r  o r i e n t a t i o n  to  l a t e r a l l y  p re s e n te d  
sound. The approach  adopted  was s l i g h t l y  d i f f e r e n t  from t h a t  used 
by o th e r  i n v e s t i g a t o r s  o f  th e  same phenomenon in  in f a n c y .  The 
te ch n iq u e  used h e re  was t h a t  o f  th e  h a b i t u a t i o n / v i o l a t i o n  o f  
exepec tancy  paradigm. Thus a l th o u g h  th e  l a t e r a l  sound s t im u lu s  was 
p r e s e n te d  on a s e r i e s  o f  t r i a l s ,  th e  c r u c i a l  t e s t  o f  l o c a l i s a t i o n  
a b i l i t y  was t h a t  on th e  l a s t  o r  v i o l a t i o n  t r i a l  where th e  l a t e r a l l y  
p re s e n te d  sound changed to  a new sound. In  Experiment 1, on t h i s  
t r i a l ,  number seven in  th e  sequence , a l l  i n f a n t s ,  in  a l l  t h r e e  age 
g roups ,  o r i e n t e d  to  th e  new s id e  s t im u lu s  soon a f t e r  th e  o n se t  o f  
th e  sound. In  com parison, on th e  f i r s t  o f  th e  h a b i t u a t i o n  t r i a l s ,  
45 p e r c e n t  o f  th e  s i x  month o ld  group f a i l e d  to  o r i e n t  to  th e  s i d e .  
Ten p e rc e n t  o f  th e  n in e  month group and te n  p e rc e n t  o f  th e  tw elve
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month group a l s o  f a i l e d  to  produce a l o c a l i s a t i o n  re sp o n se  on t h a t  
f i r s t  t r i a l .  The emphasis must be t h a t  th e y  f a i l e d  to  produce a 
l o c a l i s a t i o n  r e s p o n s e . They o b v io u s ly  could  l o c a l i s e  s in c e  a l l  o f  
them d id  so a p p r o p r i a t e l y  on th e  t e s t  t r i a l .  I f  one c o n s id e r s  a l l  
o f  th e  h a b i t u a t i o n  t r i a l s  then  59 p e r c e n t  o f  a l l  t r i a l s  i n  th e  s i x  
month group f a i l e d  to  e l i c i t  o r i e n t a t i o n  re sp o n ses  w ith  th e  
co r re sp o n d in g  r a t e s  f o r  th e  n in e  and tw elve month groups b e in g  23 
p e r c e n t  and 18.p e r c e n t  r e s p e c t i v e l y .  That i s  as  th e  number o f
t r i a l s  in c re a s e d  th e  i n f a n t s  were l e s s  l i k e l y  to  o r i e n t  to  th e
s t im u lu s  a t  th e  s id e .  The im p o r ta n t  m e th o d o lo g ica l  p o in t  i s  t h a t  
t e s t i n g  l o c a l i s a t i o n  m ere ly  by p r e s e n t in g  a su c c e s s io n  o f  l a t e r a l
s t im u l i  may n o t  be an adequa te  p ro ced u re .  These r e s u l t s  su g g e s t
t h a t  l o c a l i s a t i o n  a b i l i t y  i s  l i k e l y  to  be a f f e c t e d  by any o th e r  
p ro c e s s in g  demands t h a t  a r e  made on th e  i n f a n t ,  in  th e  c o n d i t io n s  
used h e re  th e  p ro c e s s in g  o f  th e  c e n t r a l l y  lo c a te d  sound and v i s i o n .
Even when a t t e n t i o n  to  t h i s  c e n t r a l  s t im u lu s  d e c l i n e s ,  and 
presumably makes l e s s  demands on th e  i n f a n t ' s  p ro c e s s in g  c a p a c i t i e s  
t h a t  does n o t  le a d  to  an in c r e a s e  i n  l o c a l i s a t i o n  to  th e  s i d e .  
S ince  i t  i s  p h y s ic a l ly  im p o ss ib le  to  p ro v id e  an i n f a n t  w i th  a 
s t im u lu s - f r e e  environm ent a p a r t  from th e  e x p e r im e n ta l  s t im u lu s ,  a l l  
one can do i s  p ro v id e  low i n t e n s i t y  ex tra n eo u s  s t i m u l a t i o n .  
However even low i n t e n s i t y  s t im u la t i o n  may be p ro c e sse d  and 
an a ly se d  by th e  i n f a n t .  The argument i s  t h a t  a b e t t e r  p ro c e d u re ,  
and one v in d ic a te d  by th e  r e s u l t s  o f  Experiment 1, i s  to  c a p tu r e  
th e  i n f a n t ' s  a t t e n t i o n  and m onito r  r e a c t i o n  to  a change i n  th e  
p e r ip h e r a l  env ironm ent. Although th e  r e s u l t s  o f  Experim ent 1 
s u g g e s t  t h i s  does n o t  happen, i t  in t r o d u c e s  th e  p o s s i b i l i t y  o f  a
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com plete 'c a p t u r e '  o f  th e  i n f a n t ' s  a t t e n t i o n  by th e  
a t t e n t i o n - g e t t i n g  s t im u lu s  and 'b lo c k in g '  of p e r i p h e r a l  
in fo rm a t io n .  I f  so then  t h i s  can be overcome by th e  change t e s t  
hav ing  h ig h  s a l i e n c e .  The argument i s  t h a t  a s t im u lu s  change i s  a 
more im p o r tan t  e c o lo g ic a l  even t th a n  th e  r e p e t i t i o n  o f  th e  same 
e v en t a number o f  t im e s .
When one comes to  c o n s id e r  th e  r e s u l t s  from th e  l a t e n c y  d a ta  
th e  m e th o d o lo g ica l  im p l i c a t io n s  become even more im p o r ta n t .  On th e  
t e s t  t r i a l ,  th e  s i x  month o ld  group took on a v e ra g e ,  ap p ro x im a te ly  
17 s e c o n d s  to  respond and tu r n  to  th e  s id e  s t im u lu s ,  compared w i th  
a p p ro x im ate ly  3 seconds  by th e  two o ld e r  g roups . This  r e s u l t  tak en  
i n  c o n ju n c t io n  w ith  th o se  o f  F ie ld  e t . a l .  (1979, 1980) i n d i c a t e  
t h a t  many o f  th e  s t u d i e s  o f  sound l o c a l i s a t i o n  w ith  i n f a n t s  younger 
th a n  s i x  months have used  s t im u l i  t h a t  have been f a r  too  s h o r t  i n  
d u r a t io n  and have n o t  a llow ed th e  i n f a n t  tim e to  p ro c e s s  th e  
s p a t i a l  in fo rm a t io n  and respond a p p r o p r i a t e l y .  S ince  th e  
experim en ts  t h a t  have used s h o r t  d u r a t io n  t r i a l s  a l s o  u s u a l l y  have 
s h o r t  d u ra t io n  i n t e r - t r i a l  i n t e r v a l s ,  and a l s o  random p r e s e n t a t i o n  
o f  s t im u lu s  p o s t io n ,  i n  many c a se s  th e  succeed ing  s t im u lu s  i s  
p robab ly  b e in g  p re s e n te d  ( i n  a l l  l i k e l i h o o d  from a d i f f e r e n t  
p o s i t i o n )  b e fo re  th e  i n f a n t  has p ro cessed  o r  responded to  th e  
f i r s t .  Thus c o n t r a l a t e r a l  and n o n -resp o n d in g  seems a n o t  u n l i k e l y  
occu rren ce  under  th e se  c i rc u m s ta n c e s .  Whether th e  i n f a n t  r e q u i r e s  
a long  d u r a t io n  s t im u lu s  to  p ro c e ss  th e  s p a t i a l  in fo rm a t io n  o r  
s im ply  ta k e s  a long  time to  t r a n s l a t e  t h i s  i n t o  a re sp o n se  i s  
u n c l e a r .  T e s t in g  t h i s  e x p e r im e n ta l ly  would be r e l a t i v e l y  
s t r a i g h t f o r w a r d ,  a l th o u g h  th e  ev idence  from v i s u a l  o r i e n t a t i o n ,
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which t y p i c a l l y  has s h o r t  re sp o n se  t im es (H a r r i s  and M acFarlane, 
1974) su g g e s ts  t h a t  i t  i s  th e  p ro c e s s in g  time t h a t  i s  c r u c i a l ,  
s u p p o r t in g  th e  h y p o th e s is  o f  th e  f r a g i l i t y  o f  a u d i to r y  s p a t i a l  
in fo rm a t io n  (B u t te rw o r th ,  1980).
Thus from th e  r e s u l t s  o f  Experiment 1, i t  can be s t a t e d  q u i t e  
u n e q u iv o c a l ly  t h a t  i n f a n t s  from s i x  months onward can  l o c a l i s e  
l a t e r a l l y  p re s e n te d  sounds, i n  th e  p resen ce  o f  competing a u d i to r y  
and v i s u a l  in fo rm a t io n ,  a l th o u g h  th e  p ro d u c t io n  o f  th e  l o c a l i s a t i o n  
re sp o n se  w i l l  be a f f e c t e d  by o th e r  a s p e c t s  o f  th e  s t im u lu s  
environm ent t h a t  impose p ro c e s s in g  demands on th e  i n f a n t .  The 
q u e s t io n  w ith  r e g a rd  to  c ro ss -m oda l i n t e g r a t i o n  i s  what f u n c t io n  
does th e  l o c a l i s a t i o n  response  s e rv e  f o r  th e  i n f a n t ?  Does he t u r n  
h i s  head , m erely  to  c e n t r e  th e  sound w ith  r e s p e c t  to  th e  two e a r s ,  
p e rhaps  making th e  s t im u lu s  e a s i e r  to  p ro c e ss?  -  the  indep en d en t 
p ro c e s s in g  h y p o th e s i s .  Or does t h e  i n f a n t  a n t i c i p a t e  some v i s u a l  
in fo rm a t io n  c o lo c a te d  w ith  th e  a u d i to r y  s t im u lu s ?  -  th e  i n t e g r a t e d  
m o d a li ty  h y p o th e s i s .  From th e  non -resp o n se  r a t e s  o f  th e  
h a b i t u a t i o n  sequence o f  th e  f i r s t  experim ent th e r e  was seen  to  be a 
d e c re a s in g  l i k e l i h o o d  o f  th e  i n f a n t  to  o r i e n t  to  th e  sound as  th e  
number o f  t r i a l s  in c re a s e d .  I t  could  be argued  t h a t  t h i s  i n c r e a s e  
o f  n o n -respond ing  was a r e s u l t  o f  th e r e  be ing  no v i s u a l  s t im u lu s  a t  
th e  lo c u s  o f  th e  sound consequent upon th e  i n f a n t ' s  re sp o n s e .  That 
i s  th e  i n f a n t ' s  knowledge o f  th e  a u d i o - v i s u a l  r e l a t i o n s h i p  had been 
d i s r u p te d  -  v i o l a t i o n  o f  th e  expec tancy  o f  v i s u a l  in fo rm a t io n  a t  
th e  l o c a t io n  o f  a sound. This d i s r u p t i o n  ta k in g  th e  form o f  
i n h i b i t i n g  th e  l o c a l i s a t i o n  re s p o n s e .  A l t e r n a t i v e l y  i t  cou ld  be 
argued  t h a t  th e  in c re a s e d  la c k  o f  re sp o n se  was s im ply  a r e s u l t  o f
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h a b i tu a t i o n  to  th e  a u d i to r y  s t im u lu s ,  i t  became l e s s  i n t e r e s t i n g .  
The d a ta  from th e  t e s t  t r i a l  i s  c o n s i s t e n t  w ith  e i t h e r  
i n t e r p r e t a t i o n ,  in  t h a t  bo th  would p r e d i c t  an in c r e a s e  i n  
re spond ing  when th e  a u d i to r y  s t im u lu s  was changed. I f  th e r e  was 
d i s r u p t i o n  o f  th e  i n f a n t ' s  a u d io - v i s u a l  e x p e c ta n c ie s  i n  t h i s  
experim ent th e r e  was no ev idence  o f  t h i s  p roduc ing  ' d i s t r e s s '  i n  
th e  i n f a n t s ,  as  has been r e p o r te d  by o th e r  i n v e s t i g a t o r s  (Bower 
e t . a l . ,  1970b; Aronson and Rosenblum, 1971)• ; No more d i s t r e s s  was 
found in  th e  i n f a n t s  used h ere  th a n  has been r e p o r te d  i n  s t u d i e s  
in v o lv in g  i n f a n t s  where no d i s r u p t i o n  te c h n iq u e s  a r e  used .
I f  th e  la c k  o f  o r i e n t a t i o n  re sp o n se  i s  due to  th e  absence  o f .  a 
v i s u a l  s t im u lu s  th en  th e  p r o v is io n  o f  such  a v i s u a l  s t im u lu s  
c o lo c a te d  w ith  th e  l a t e r a l  a u d i to r y  s t im u lu s  shou ld  to  some d eg ree  
m a in ta in  th e  l o c a l i s a t i o n  re sp o n se .  I f  however, th e  d e c l in e  i n  
o r i e n t i n g  i s  due to  h a b i tu a t i o n  to  th e  a u d i to r y  s t im u lu s  th e n  th e  
a d d i t i o n  o f  a v i s u a l  s t im u lu s  should  have l i t t l e  e f f e c t  i n  
a r r e s t i n g  t h i s  d e c l in e  -  th e  i n f a n t  w i l l  a l s o  h a b i tu a t e  to  th e  
v i s u a l  s t im u lu s  s im u l ta n e o u s ly  (McGurk, 1977). F u r th e r  t h e r e  
should  be a s i m i l a r  e f f e c t  on th e  l a t e n c i e s  o f  th e  re s p o n s e .  
Experiment 2 re p e a te d  th e  c o n d i t io n s  and p ro ced u res  o f  th e  f i r s t  
experim en t,  bu t w i th  th e  a d d i t i o n  o f  a n o th e r  v i s u a l  s t im u lu s  i n  th e  
same lo c u s  a s  th e  l a t e r a l  a u d i to r y  s t im u lu s .
As in  Experiment 1, a l l  i n f a n t s  i n  bo th  age groups tu rn e d  to  
th e  a p p r o p r ia t e  s id e  on th e  t e s t  t r i a l  when th e  l a t e r a l  a u d i t o r y  
s t im u lu s  changed. However, u n l ik e  Experiment 1, th e r e  was v e ry  
l i t t l e  r e d u c t io n  i n  l a te n c y  to  respond to  t h i s  change. P a r t l y  t h i s
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was due to  a ' f lo o r*  e f f e c t .  On th e  l a s t  o f  th e  h a b i tu a t i o n  t r i a l s  
i n  Experiment 2, th e  l a t e n c i e s  to  tu r n  to  th e  s id e  were much lower 
th a n  th o s e  o b ta in e d  i n  Experiment 1. This  r e s u l t  le a d s  n a t u r a l l y  
i n t o  th e  f o c a l  p o in t  o f  th e  s tu d y  -  th e  enhancement o f  l o c a l i s a t i o n  
by th e  p ro v is io n  o f  a v i s u a l  s t im u lu s .  As in  th e  f i r s t  experim ent 
t h e r e  was a s i m i l a r  age e f f e c t  -  th e  o ld e r  group were much more 
l i k e l y  t o  l o c a l i s e  th a n  th e  s i x  month group. However, th e  l e v e l s  
o f  n o n -respond ing  d u r in g  th e  h a b i tu a t i o n  t r i a l s  were q u i t e  
d i f f e r e n t  a c ro s s  th e  two ex p e r im en ts .  For th e  s i x  month group on ly  
17 p e r c e n t  o f  th e  t r i a l s  i n  Experiment 2 f a i l e d  to  e l i c i t  a 
re sp o n se  compared w ith  57 p e r c e n t  i n  th e  f i r s t  s tu d y .  The 
co rre sp o n d in g  f i g u r e s  f o r  th e  n in e  month o ld  group were 4 p e r c e n t  
a s  a g a i n s t  25 p e r c e n t .  Thus th e  p ro v is io n  o f  t h i s  v i s u a l  s t im u lu s  
c e r t a i n l y  d id  p re s e rv e  th e  o r i e n t a t i o n  re sp o n se  over th e  r e p e a te d  
t r i a l s .  As h in te d  a t  e a r l i e r  th e r e  was a l s o  a s i m i l a r  e f f e c t  on 
th e  l a t e n c i e s  o f  th e  l a t e r a l  o r i e n t a t i o n ,  much f a s t e r  d u r in g  
Experiment 2, f o r  bo th  age groups and a l l  t r i a l s .  Thus th e  
p ro c e s s in g  o f  th e  a u d i to r y  and v i s u a l  s t im u l i  p re s e n te d  h e re  was 
c e r t a i n l y  n o t  com ple te ly  in d e p en d en t.  The q u e s t io n  now becomes 
what l e v e l  o f  dependence between th e  m o d a l i t i e s  i s  in v o lv e d ?
As o u t l i n e d  i n  th e  I n t r o d u c t io n  one s u g g e s t io n  t h a t  has  been 
made i s  t h a t  th e  i n f a n t  b u i ld s  up a m u lti-m odal r e p r e s e n t a t i o n  o f  
th e  s t im u lu s  even t and th u s  comes to  a n t i c i p a t e  p a r t i c u l a r  o r  
s p e c i f i c  v i s u a l  in fo rm a t io n  consequen t upon l o c a l i s i n g  th e  a u d i to r y  
s t im u lu s  (Bower, 1978; B u t te rw o r th ,  1980; S pe lke ,  1979). 
However, H a r r i s  (1979) in t ro d u c e d  th e  id e a  t h a t  what th e  i n f a n t  has 
i s  on ly  a g e n e ra l  expec tancy  f o r  bimodal a s s o c i a t i o n s ,  t h a t  i s
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som ething v i s u a l  upon l o c a l i s a t i o n  to  an a u d i to r y  s t im u lu s ,  o r  
som ething t a c t u a l  upon re a c h in g  f o r  a v i s i b l e  o b je c t .  E xam ination  
o f  th e  v i o l a t i o n  t r i a l s  o f  Experiment 2, e s p e c i a l l y  c o n d i t io n s  3 
and  4 where th e  v i s u a l  s t im u lu s  changed bu t th e  a u d i to r y  s t im u lu s  
remained th e  same, a l low s  some e v a lu a t io n  o f  th e se  com peting 
h y p o th e ses .  However, th e s e  c o n d i t io n s  showed no ev idence  o f  th e  
i n f a n t s  hav ing  b u i l t  up p a r t i c u l a r  e x p e c ta n c ie s  about th e  v i s u a l  
in fo rm a t io n  and i t s '  r e l a t i o n s h i p  to  th e  sound. They r e a c te d  to  
th e s e  changes j u s t  as  would have been p r e d ic te d  had th e y  been 
p re s e n te d  i n  s i n g l e  m o d a li ty  e x p e r im en ts ,  t h a t  i s  w i th  in c r e a s e d  
a t t e n t i o n  to  th e  new s t im u lu s .  There was no s u g g e s t io n  o f  
s e a rc h in g  f o r  th e  o ld  s t im u lu s  as  was proposed by Lyons-Ruth 
(1977). Thus i f  i n f a n t s  had g e n e ra te d  v i s u a l  e x p e c ta n c ie s  th e n  
th e y  must have been o f  a v ery  g e n e ra l  k in d ,  which were s a t i s f i e d  by 
th e  new s t im u l i  p re s e n te d  to  them. Note however t h a t  th e  i n c r e a s e  
i n  f i x a t i o n  to  th e  new s t im u l i  shows t h a t  th e y  were d i s c r im in a b le  
from th e  h a b i tu a t i o n  s t i m u l i .
One o th e r  p o s s i b i l i t y  t h a t  has n o t  y e t  been co n s id e re d  i s  t h a t  
th e  enhancement o f  l o c a l i s a t i o n  by th e  l a t e r a l  v i s u a l  s t im u lu s  i s  
p a r t  o f  a much' more g e n e ra l  e f f e c t  o f  an a d d i t i o n a l  s t im u lu s  th a n  
a n y th in g  to  do w ith  in te r -m o d a l  o r g a n i s a t i o n .  For example, t h a t  i t  
i s  sim ply  p ro v id in g  re in fo rc e m e n t  o f  th e  re sp o n se .  This  however, 
seems u n l i k e ly .  Moore e t . a l .  (1975) used s o c i a l  r e in fo rc e m e n t ,  a 
s t r o n g  e l i c i t o r  o f  b ehav iou r  i n  young i n f a n t s ,  i n  a s tu d y  o f  sound 
l o c a l i s a t i o n ,  w ith  tw elve and e ig h te e n  month o ld  i n f a n t s  and found 
t h a t  i t  proved to  be i n e f f e c t i v e  i n  prom oting and m a in ta in in g  th e  
o r i e n t a t i o n  re sp o n se .  C r u c i a l ly  however, th e  s o c i a l  r e in fo rc e m e n t
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was g iven  from a p o s i t i o n  t h a t  was d i s p la c e d  from th e  lo c u s  o f  th e  
sound t h a t  had to  be responded to .  Thus th e r e  may have been some 
response  c o m p e ti t io n  between tu r n in g  to  a p a r t i c u l a r  l o c a t i o n  f o r  
th e  sound and tu r n in g  to  a d i f f e r e n t  l o c a t i o n  f o r  th e  
re in fo rc e m e n t .  Thus th e  enhancement e f f e c t  does ap p ea r  to  be based 
to  a l a r g e  e x t e n t  on th e  s p a t i a l  r e l a t i o n s h i p s  invo lved  and th e  
p h y s ic a l  o r g a n i s a t i o n  o f  th e  se n so ry  syterns.
The s t im u l i  used i n  th e s e  two experim en ts  were o f  two ty p e s .  
The c e n t r a l  s t im u l i  were f a c e s  and v o ic e s  -  s t im u l i  w i th  h ig h  
a t t e n t i o n  g e t t i n g  p r o p e r t i e s .  The l a t e r a l  s t im u l i  were co lo u re d  
d e s ig n s  and rhythm ic n o i s e s .  I t  could  be argued  th e r e f o r e  t h a t  
t h i s  l a t t e r  s e t  were e s s e n t i a l y  a r b i t r a r y  i n  t h e i r  a u d i o - v i s u a l  
a s s o c i a t i o n s  and t h a t  an i n f a n t  would r e q u i r e  much more e x p e r ie n c e  
o f  such p a i r i n g s  b e fo re  a m u lti-m odal r e p r e s e n t a t i o n  o f  them could  
be e s t a b l i s h e d .  A lthough t h i s  c r i t i c i s m  could n o t  ap p ly  to  th e  
face  and v o ice  s t i m u l i ,  i t  might be f u r t h e r  argued  t h a t  th e y  were 
n o t  i n t e g r a t e d  o r  gave no ev idence  o f  b e in g  so , because  o f  th e  
a d d i t i o n a l  p ro c e s s in g  demands made on th e  b a b ie s  by th e  l a t e r a l  
v i s u a l  and a u d i to r y  in fo rm a t io n .  Given th e s e  c r i t i c i s m s ,  
Experiment 3 was des igned  to  examine th e  i n t e g r a t i o n  o f  such  
s t im u li 'u n c o n fo u n d e d  by th e se  o th e r  f a c t o r s .  The q u e s t io n  a t  i s s u e  
i s  would th e  i n f a n t s  v i s u a l l y  s e l e c t  a p a r t i c u l a r  s t im u lu s  (a  m ale , 
fem ale o r  a n o th e r  b a b y 's  f a c e )  upon p r e s e n t a t i o n  o f  a p a r t i c u l a r  
a u d i to r y  s t im u lu s  (a male, female o r  b a b y 's  v o ic e ) .  There was 
v i r t u a l l y  no ev idence  f o r  t h i s  b eh av io u r  a t  any o f  th e  age l e v e l s  
s tu d ie d ,  t h a t  i s  from th r e e  to  tw elve months. Only on one s e t  o f  
t r i a l s  d id  i n f a n t s  look  more tow ards th e  male face  th a n  th e  fem ale
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f a c e  d u r in g  th e  male v o ic e  p r e s e n t a t i o n  and more tow ards th e  female 
f a c e  th a n  th e  male f a c e  d u r in g  th e  fem ale v o ice  p r e s e n t a t i o n .  
However on th e  second run  o f  th e s e  t r i a l s ,  when th e  r i g h t / l e f t  
p o s i t i o n s  o f  th e  f a c e s  were r e v e r s e d ,  t h i s  v i s u a l  d i f f e r e n t i a t i o n  
d isa p p e a re d .
Because o f  th e s e  l a r g e l y  n e g a t iv e  r e s u l t s ,  i n  p a r t i c u l a r  th e  
f a i l u r e  o f  even th e  o ld e r  i n f a n t s  to  dem onstra te  some c o n s i s t e n t  
v i s u a l  d i f f e r e n t i a t i o n ,  a p i l o t  experim ent was s e t  up u s in g  th e  
same b a s ic  d e s ig n ,  bu t w ith  o n ly  one s t im u lu s  p a i r  -  pho tographs  o f  
th e  i n f a n t ' s  p a r e n t s .  Again, however and u n l ik e  Spelke and Owsley 
(1979) th e r e  was no ev idence  f o r  v i s u a l  s e l e c t i o n  based on th e  
v o ice  p re s e n te d  a t  th e  same tim e as  th e  f a c e s .  Only t h r e e  
i n d i v id u a l s  showed th e  a p p r o p r ia te  behav iou r  on th e  f i r s t  s e t  o f  
t r i a l s  where th e  p o s i t i o n  c o n t r o l  was between r a t h e r  th a n  w i th in  
s u b j e c t s .
The d i s c u s s io n  i n  th e  I n t r o d u c t io n  argued t h a t  i n t e g r a t i o n  o f  
th e  m o d a l i t i e s  o f  t h i s  type  based on f e a t u r a l  in fo rm a t io n ,  t h a t  i s  
th e  m o d a l - s p e c i f ic  in fo rm a t io n ,  should  be c o n c e p tu a l i s e d  a s  an 
a s s o c i a t i v e  r e l a t i o n s h i p  between th e  m o d a l i t i e s .  The im p o r ta n t  
p o in t  about t h i s  l e v e l  o f  i n t e g r a t i o n  o r  o r g a n i s a t i o n  o f  th e  
m o d a l i t i e s  i s  t h a t  i t  must n e c e s s a r i l y  be d e r iv e d  from e x p e r ie n c e .  
There i s  no n e c e ss a ry  r e l a t i o n s h i p  between say  th e  e x t e r i o r  
appea rance  o f  a c lock  and th e  p a r t i c u l a r  way t h a t  i t  t i c k s ,  bu t we 
could n e v e r th e le s s  d e r iv e  e x p e c ta n c ie s  and make p r e d ic t i o n s  abou t a 
c l o c k 's  t i c k i n g  behav iou r  from s i z e  and shape in fo rm a t io n  g iven  
enough ex p e r ien ce  o f  c lo ck s  and t h e i r  t i c k s .  Thus th e  d i s c u s s io n
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and co n c lu s io n s  o f  Experiment 3 r e l a t e d  th e  r e s u l t s  to  th e  n a tu re  
o f  th e  d i s c r i m in a t io n s  th e  i n f a n t  would be r e q u i r e d  to  make w i th in  
each m o d a l i ty ,  b e fo re  th e  a p p r o p r ia t e  cross-m odal r e l a t i o n s h i p s  f o r  
f a c e s  and v o ic e s  could  be e s t a b l i s h e d .  I t  was concluded t h a t  t h e r e  
was l i t t l e  conv inc ing  ev idence  e i t h e r  i n  th e  l i t e r a t u r e  o r  from 
th e s e  experim en ts  to  su g g e s t  t h a t  th e  w i th in  m o d a l i ty  
d i s c r i m in a t io n s  were s u f f i c i e n t l y  w e l l  developed to  en ab le  t h i s  
type  o f  i n t e g r a t i o n  t o  ta k e  p la c e ,  a l th o u g h  i t  i s  s l i g h t l y  
s u r p r i s i n g  t h a t  th e  o ld e r  groups o f  i n f a n t s  d id  n o t  beg in  to  show 
some d i f f e r e n t i a t i o n .
However, th e  same argum ents app ly  much l e s s  c o g e n t ly  to  
Experiment 3b, where th e  i n f a n t s  were h ig h ly  f a m i l i a r  w ith  th e  
s t im u lu s  m a t e r i a l s ,  a l b e i t  i n  somewhat un u su a l  c i rc u m s ta n c e s .  
S ince  th e  r e s u l t s  o v e r a l l  were l a r g e l y  n e g a t iv e  th en  some o th e r  
e x p la n a t io n  i s  r e q u i r e d .  I t  seems a com ple te ly  u n re a so n a b le  
c o n c lu s io n  to  su g g es t  t h a t  a t  l e a s t  tw elve month o ld  i n f a n t s  canno t 
r e c o g n ise  t h e i r  p a r e n t s  fa c e s  even from photographs o r  t h e i r  v o ic e s  
from ta p e - r e c o r d in g s .  I t  was su g g es ted  th e r e f o r e  t h a t  p erhaps  th e  
s i t u a t i o n ,  which was h ig h ly  a r t i f i c i a l ,  was a c r i t i c a l  f a c t o r .  In  
p a r t i c u l a r ,  i t  was su g g es ted  t h a t  th e  la c k  o f  f a c i a l  movements 
d u r in g  th e  speech  e p iso d es  may have i n h i b i t e d  th e  normal re sp o n d in g  
o f  th e  i n f a n t s  to  s t im u l i  o f  t h i s  ty p e .
This  h y p o th e s i s  t h a t  i n f a n t s  a r e  aware o f  th e  r e l a t i o n s h i p  
between f a c i a l  movements and speech  r e f l e c t s  back to  th e  
d i s t i n c t i o n  r a i s e d  in  th e  I n t r o d u c t io n  and th e  o th e r  k in d  o f  
c ro ss -m odal dependency, t h a t  o f  a s t r u c t u r a l  r e l a t i o n s h i p  between
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t h e  m o d a l i t i e s .  That i s  when a v o ice  i s  c o lo c a te d  w ith  a f a c e ,
t h a t  f a c e  must n e c e s s a r i l y  move i n  p a r t i c u l a r  ways and i n  a
p a r t i c u l a r  rhythm. Looking a t  t h i s  from a s t r u c t u r a l  v iew po in t i t  
i s  a q u e s t io n  about th e  amodal c h a r a c t e r i s t i c s  r e l a t i n g  speak ing  
f a c e s  to  v o ic e s ,  which a r e  th e  tem pora l r e l a t i o n s h i p s  between th e  
f a c i a l  movements and th e  m odu la tion  o f  th e  speech  sounds. 
Experiment 4 i n v e s t i g a t e d  t h i s  l e v e l  o f  a u d i o - v i s u a l  i n t e g r a t i o n .
The most extreme case s  o f  d i s r u p t i o n  o f  th e  a u d i o - v i s u a l  
r e l a t i o n s h i p  o f  f a c e s  and v o ic e s  were c o n s t ru c te d .  These were no 
l i p  movements w ith  a v o ice  p re s e n te d  and l i p  movements w i th  no 
vo ice  p re s e n te d ,  which were compared w ith  th e  two 'n o rm a l '  
com binations  o f  l i p  movements and v o ic e ,  and no l i p  movements and
no v o ic e .  The r e s u l t s  were q u i t e  c o n c lu s iv e ,  from a t  l e a s t  th r e e
months o f  age, i n f a n t s  respond d i f f e r e n t i a l l y  to  th e  d i f f e r i n g  
c o n d i t io n s .  Secondly , th e r e  was some ev idence  o f  developm en ta l 
p ro g re s s  i n  t h a t  th e  s i z e  o f  th e  c o n d i t io n  d i f f e r e n c e s  in c re a s e d  
between th r e e  and s i x  months. However, th e  c o n d i t io n s  d i f f e r e n c e s  
d id  n o t  b reak  down in t o  th o se  t h a t  d i s r u p te d  th e  f a c e /v o ic e  
tem pora l dependenc ies  and th o se  t h a t  d id  n o t .  They were much more 
summative. That i s  th e re  were i n c r e a s e s  i n  f i x a t i o n  from th e  no 
v o ic e /n o  l i p  movements th rough  th e  no v o i c e / l i p  movements and 
v o ic e /n o  l i p  movements to  th e  v o i c e / l i p  movements c o n d i t io n .  This 
can be most p a rs im o n io u s ly  i n t e r p r e t e d  as  an independen t summation 
e f f e c t  o f  f a c i a l  movement and th e  speech  s t i m u l i .  That i s ,  as  th e  
amount o f  s t im u lu s  in fo rm a t io n  in c r e a s e d ,  th e  i n f a n t s  l e v e l  o f  
a t t e n t i o n  to  th e  s t im u lu s  even t a l s o  in c re a s e d .
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The f i n a l  experim ent -  number 5 f u r t h e r  i n v e s t i g a t e d  th e  young 
i n f a n t ' s  r e s p o n s iv e n e s s  to  th e  s t r u c t u r a l  dependence between f a c e s  
and v o ic e s  and to  r e s o lv e  th e  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  th e
r e s u l t s  o f  Experiment 4. Three groups o f  f i v e  month o ld  i n f a n t s  
were p re s e n te d  w ith  v id e o re c o rd in g s  o f  two s p a t i a l l y  s e p a r a t e
t a l k i n g  f a c e s .  In  one c o n d i t io n  th e r e  was no d i s r u p t i o n  o f  th e
f a c e /v o ic e  r e l a t i o n s h i p .  In  th e  second c o n d i t io n  one o f  th e
s t im u lu s  p a i r s  had th e  v o ic e  de layed  w ith  r e s p e c t  to  th e  f a c i a l  
movements and in  th e  t h i r d  c o n d i t io n  one o f  th e  s t im u l i  was th e  
p r e s e n ta t i o n  o f  a sound in  c o n ju n c t io n  w i th  th e  model a r t i c u l a t i n g  
a d i f f e r e n t  speech  sound.
Although th e  ev idence  was n o t  s t r o n g ,  th e  r e s u l t s  d id  show
d i f f e r e n t i a l  v i s u a l  a t t e n t i o n  to  th e  normal p r e s e n t a t i o n  o f  th e  
fa c e s  and v o ic e s  and th e  d i s r u p te d  f a c e /v o ic e  com b in a tio n s .  In
p a r t i c u l a r  th e  i n f a n t s  viewed th e  de layed  p r e s e n ta t i o n s  much l e s s  
than  th ey  d id  th e  normal p r e s e n t a t i o n s  and viewed th e  mismatched 
com binations  s l i g h t l y  lo n g e r  th a n  th ey  d id  th e  normal 
p r e s e n t a t i o n s .  Thus f i v e  month o ld  i n f a n t s  do seem to  ta k e  accoun t 
o f  b o th  th e  tem pora l co rrespondences  t h a t  occur between f a c e s  and 
v o ic e s  and a l s o  th e  s t r u c t u r a l  r e l a t i o n s h i p s  between th e  f a c i a l  
movements t h a t  co -o ccu r  w i th  p a r t i c u l a r  speech  sounds. The
im p l i c a t i o n  i s  t h a t  a t  some l e v e l  th e  f i v e  month o ld  i n f a n t ' s
r e p r e s e n t a t i o n  o f  speech  i s  a t  l e a s t  b i-m odal i n  an i n t e g r a t e d  o r  
c o o rd in a te d  f a s h io n .
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C onclusions
Each o f  th e  experim en ts  r e p o r te d  h e re  a d d re s s e s  d i f f e r e n t  
a s p e c t s  o f  a u d io - v i s u a l  i n t e g r a t i o n  i n  in fa n c y .  The f i r s t  two 
d e a l t  m ainly  w ith  th e  n a tu re  o f  th e  s p a t i a l  r e l a t i o n s h i p  between 
sound and v i s io n  and th e  im p l ic a t io n s  f o r  i n t e g r a t i o n .  At a 
t r i v i a l  l e v e l ,  as  Mendelson and H a ith  (1976) p o in t  ou t a u d i t i o n  and 
v i s io n  can n ev e r  be viewed as  o p e r a t in g  in d e p e n d e n t ly .  The 
p h y s ic a l  o r g a n i s a t i o n  o f  th e  sen so ry  a p p a ra tu s  means t h a t  
p ro c e s s in g  in  one m o d a li ty ,  e s p e c i a l l y  i n  t r a c k in g  o r  f o c u s s in g  
onto a s t im u lu s  even t i n  t h a t  m o d a li ty  must im ply changes i n  th e  
s t im u lu s  a r r a y  to  th e  second m o d a li ty .  However, much more th a n  
t h i s  i s  ta k in g  p la c e .  I n f a n t s  from a v e ry  young age can be shown 
to  be p ro c e s s in g  in fo rm a t io n  i n  more th a n  one m o d a li ty  a t  a t im e , 
n o t  o n ly  i n  sim ple m u lti-m oda l s t im u lu s  environm ents  ( e . g .  McGurk, 
1977) but a l s o  i n  more complex m u lt i-m oda l,  m u l t i - s t im u lu s  
environm ents  (Experiment 2 ) .  Thus th e  P ia g e t i a n  n o t io n  o f  
r e c i p r o c a l  a s s i m i l a t i o n ,  w i th  th e  i n f a n t  engaging a l l  s e n so ry  
fu n c t io n s  g e t s  s t r o n g  su p p o r t  from th e  f i r s t  two s t u d i e s  r e p o r te d .
Because o f  th e  p h y s ic a l  o r g a n i s a t io n  o f  th e  sen so ry  a p p a ra tu s  
th e  i n f a n t  i s  v i r t u a l l y  fo rced  i n t o  a s i t u a t i o n  where i t  i s  
p ro c e s s in g  a u d i to r y  and v i s u a l  in fo rm a t io n  t h a t  emanate from th e  
same o b je c t .  However, a u d i to r y  a t t e n t i o n  and p ro c e s s in g  a p p e a rs  to  
be more complex th a n  sim ply ta k in g  accoun t o f  sounds from o b je c t s  
to  which th e  i n f a n t  i s  o r i e n t e d .  Experiment 1 showed t h a t  i n f a n t s  
do m on ito r  l a t e r a l  o r  p e r ip h e r a l  a u d i to r y  s t i m u l i ,  w h ile  
s im u l ta n e o u s ly  p ro c e s s in g  c e n t r a l l y  p re s e n te d  m a te r i a l .  Thus th e y
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a re  n o t  sim ply  locked  onto  p a r t i c u l a r  s t i m u l i .  H a r r i s  and 
McFarlane (1974) have dem onstra ted  a s i m i l a r  c a p a c i ty  f o r  th e
p ro c e s s in g  o f  p e r ip h e r a l  v i s u a l  s t i m u l i .
The q u e s t io n  i s  to  what e x te n t  i s  th e  in fo rm a t io n  from th e
s im u ltaneous  p ro c e s s in g  in  each m o d a li ty  r e p re s e n te d  i n  some 
c o n jo in t  f a s h io n ?  As d e s c r ib e d  in  th e  I n t r o d u c t io n ,  s t u d i e s  o f  
sound l o c a l i s a t i o n ,  which a r e  o f te n  quoted as  d em o n s tra t in g  a l e v e l  
o f  c o o rd in a te  a u d i o - v i s u a l  f u n c t io n in g ,  have two problem s 
a s s o c i a t e d  w ith  them. F i r s t l y  th e r e  i s  th e  r e p l i c a b i l i t y  o f  th e  
phenomenon. The e a r l y  l i t e r a t u r e  shows b o th  ev idence  f o r  and 
a g a i n s t  th e  e x i s t e n c e  o f  a p p r o p r ia t e  sound l o c a l i s a t i o n  beh av io u r  
i n  in fa n c y  (see  pages 88-102 ) .  The work o f  F ie ld  and o th e r s  and
Experiment 1 an d  2, show t h a t  much o f  th e s e  d i s c r e p a n c ie s  can be
a t t r i b u t e d  to  p ro c e d u ra l  f a c t o r s .  The experim en ts  r e p o r te d  h e re  
d em o n stra te  t h a t  l o c a l i s a t i o n  b eh av io u r ,  even i n  q u i t e  complex 
s t im u lu s  environm ents  i s  w e l l  e s t a b l i s h e d  by a t  l e a s t  s i x  months o f  
age. The c r u c i a l  f a c t o r s  ap p ea r  to  be to  t e s t  th e  re sp o n se  w ith  
r e s p e c t  to  changes i n  th e  a u d i to r y  environm ent and th e  p r o v i s io n  o f  
r e l a t i v e l y  long  d u r a t i o n  s t i m u l i .  I t  rem ains to  be seen  w hether  
th e  p ro ced u res  used h e re  can be u t i l i s e d  o r  adap ted  to  younger 
b a b ie s .  This ex p e r im e n ta l  paradigm p ro v id e s  a r e l a t i v e l y  
s t r a i g h t f o r w a r d  means o f  i n v e s t i g a t i n g  s e l e c t i v e  a u d i to r y  a t t e n t i o n  
i n  young i n f a n t s  and a l s o  sound l o c a l i s a t i o n .  By v a ry in g  th e  
a c o u s t i c  and s p a t i a l  d i f f e r e n c e s  between th e  c e n t r a l  and p e r i p h e r a l  
a u d i to r y  s t im u l i  one should  be a b le  to  c h a r t  b o th  th e  i n f a n t ’ s 
a t t e n t i o n a l  and o r i e n t a t i o n  c a p a c i t i e s .  A second a r e a  o f  
development must be to  i n v e s t i g a t e  th e  v i a b i l i t y  o f  t h i s  type  o f
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p ro c e d u re  w ith  much younger i n f a n t s ,  th o se  w ith  much l e s s  c o n t r o l  
over  t h e i r  head movements and d is c o v e r  w hether  th e  same phenomena 
a r e  observed  when eye movements a r e  used as  th e  th e  b a s ic  re sp o n se  
m easure.
The second problem r e l a t e s  to  th e  i n t e r p r e t a t i o n  o f  th e  
b eh av io u r .  O r ie n ta t io n  behav iou r  to  l a t e r a l l y  p re s e n te d  sound does 
a p p ea r  to  have a v i s u a l  component, i n  t h a t  l o c a l i s a t i o n  b eh av io u r  
i s  m a in ta in ed  and to  some e x t e n t  enhanced by th e  p r o v is io n  o f  a 
c o lo c a te d  v i s u a l  s t im u lu s  (Experim ent 2 ) .  However, t h e r e  was no 
ev idence  t h a t  th e  i n f a n t s  were p ro c e s s in g  th e  in fo rm a t io n  from th e  
two m o d a l i t i e s  i n  a n y th in g  o th e r  th a n  an independen t f a s h io n .  
R eac t io n s  to  th e  changes in t ro d u c e d  in  bo th  th e  f r o n t a l  and l a t e r a l  
s t im u l i  were a s  would have been p r e d ic te d  had th e y  been c a r r i e d  ou t 
i n  s i n g l e  s t im u lu s  un i-m odal ex p e r im en ts .  The H a r r i s  (1979) 
h y p o th e s is  o f  th e  i n f a n t  hav ing  a g e n e r a l i s e d  expec tancy  g overn ing  
a u d i t i o n  and v i s io n ,  a l th o u g h  o b v io u s ly  accom odating th e s e  r e s u l t s ,  
r a i s e s  more problems than  i t  s o lv e s .  The v i s u a l  s t im u l i  used  i n  
Experim ents  1 and  2 were d i s c r im in a b le  from each o th e r ,  t h e r e f o r e  
what degree  o f  g e n e r a l i t y  o f  th e  v i s u a l  s t im u lu s  i s  c r u c i a l ?  What 
changes would have to  be made to  d i s r u p t  t h i s  g e n e ra l  ex pec tancy?  
One p o s s i b i l i t y  i s  th e  com plete removal o f  one o f  th e  components o f  
th e  m u lti-m oda l s t im u lu s .  This however confounds th e  v i o l a t i o n  o f  
th e  h y p o th e s ise d  expec tancy  w ith  an o v e r a l l  d e c re a se  i n  th e  
s t im u lu s  in fo rm a t io n .  Thus McGurk (1977) who removed th e  sound 
from an a u d io -v i s u a l  s t im u lu s  complex found a r e d u c t io n  i n  f i x a t i o n  
to  th e  s t im u lu s ,  bu t th e  i n t e r p r e t a t i o n  o f  th e  f in d i n g  i s  
ambiguous.
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One p o s s ib le  r o l e  f o r  t h i s  enhancement e f f e c t  o f  v i s i o n  i s  
t h a t ,  th e  v i s u a l  b ehav iou r  and concom itan t p ro c e s s in g  p ro v id e s  a 
s u p p o r t iv e  fu n c t io n  f o r  a u d i to r y  l o c a l i s a t i o n .  A number o f  
in s ta n c e s  o f  a s i m i l a r  phenomenon have been dem onstra ted  w ith  
a d u l t s  (see  pages 42 -4 4 ) .  I t  i s  p o s s ib le  t h a t  th e  i n f a n t  m ere ly  
u se s  th e  v i s u a l  scene as  a frame o f  r e f e r e n c e  on which to  l o c a t e  
th e  a u d i to r y  s t i m u l i ,  t h a t  i s  a s  an o b je c t i v e  r a t h e r  th a n  
e g o c e n t r ic  system  o f  s p a t i a l  l o c a t i o n .  This seems u n l i k e l y ,  
however, i n  t h a t  th e  a v a i l a b l e  ev idence  s u g g e s ts  t h a t  s p a t i a l  
behav iou r  i s  p redom inan tly  e g o c e n t r ic  u n t i l  much l a t e r  th a n  th e  
ages s tu d ie d  h e re  (A credo lo , 1978; P ia g e t ,  1971). However t h i s  
v i s u a l  o r i e n t a t i o n  could be p r e c u r s o r  o f  n o n -e g o c e n tr ic  s p a t i a l  
b eh av io u r .
Thus th e r e  does ap p ea r  to  be a s p a t i a l  i n t e r a c t i o n  i f  n o t  
i n t e g r a t i o n  and c o o rd in a t io n  o f  v i s i o n  and a u d i t i o n  a t  t h i s  l e v e l .  
The rem ain ing  experim en ts  examined n o t  th e  s p a t i a l  o r g a n i s a t io n  o f  
th e  s e n se s  bu t th e  t r e a tm e n t  o f  th e  f e a t u r a l  a s p e c t s  o f  th e  
in fo rm a t io n  s tream  in  each  m o d a l i ty .  A llen  e t . a l .  (1977) 
dem onstra ted  t h a t  i n f a n t s  could  p ro c e s s  v i s u a l  and a u d i to r y  e v e n ts  
and be re sp o n s iv e  to  t h e i r  common tem pora l c h a r a c t e r i s t i c s .  The 
q u e s t io n  i s  a r e  i n f a n t s  aware o f  t h i s  correspondence  between th e  
m o d a l i t i e s  when th e y  a r e  p r e s e n te d  s im u l ta n e o u s ly  r a t h e r  th a n  
s u c c e s s iv e ly .  That i s  can th e y  d e t e c t  a s t r u c t u r a l  dependence? 
The answer i s  p robab ly  'Y e s ' .  Given th e  f a i r l y  s o p h i s t i c a t e d  
m ulti-m oda l p ro c e s s in g  t h a t  has been r e f e r r e d  to  i n  th e  p re v io u s  
p a ra g ra p h s ,  i t  seems u n l i k e ly  t h a t  th e y  would n o t  be a b le  to  p ic k  
up th e  common tem pora l p a ram ete rs  i n  th e  a r t i f i c i a l l y  c o n s t r u c t e d
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s t im u lu s  s tream s  i f  th e y  were p re se n te d  s im u l ta n e o u s ly .  I t  i s  a l s o  
th e  case  t h a t  as  Experiment 4 an d  5 show, a s i m i l a r  re s p o n s iv e n e s s  
can be seen  w ith  n o n - a r t i f i c i a l  s t im u lu s  e v e n ts .  That i s  i n f a n t s  
from th r e e  months a r e  aware o f  some o f  th e  r e l a t i o n s h i p s  between 
f a c i a l  movements and speech  sounds, a l th o u g h  th e  ev idence  from 
Experiment 4 I s ambiguous as  to  w hether  th e  d i f f e r e n c e s  observed  
under th e  d i f f e r i n g  c o n d i t io n s  were due e n t i r e l y  to  th e  
m a n ip u la t io n  o f  th e  s t r u c t u r a l  r e l a t i o n s h i p  govern ing  speech  and 
l i p  movements. The r e s u l t s  o f  Experiment 5 confirm  t h a t  th e y  can 
bo th  m on ito r  th e  tem pora l r e l a t i o n s h i p s  o f  speech  sounds and 
a r t i c u l a t i o n  and a l s o  th e  s t r u c t u r a l  r e l a t i o n s h i p s .  This  i s  
o b v io u s ly  an a re a  r i p e  f o r  f u r t h e r  i n v e s t i g a t i o n .  McGurk and 
MacDonald (1976) and MacDonald and McGurk (1978) have shown t h a t  
a d u l t s  and young c h i ld r e n  a r e  a t  l e a s t  i m p l i c i t l y  aware o f  th e  
s t r o n g  r e l a t i o n s h i p  t h a t  e x i s t s  between speech  and l i p  movements 
and u se  th e  v i s u a l  in fo rm a t io n  d e r iv e d  from f a c i a l  movements i n  
t h e i r  p e r c e p t io n  and r e p r e s e n t a t i o n  o f  speech  sounds. I t  i s  n o t  
c l e a r  however what th e  developm enta l p ro g re s s  o f  t h i s  c a p a c i ty  i s  
and w hether  i t  i s  a r e s u l t  o f  some g e n e ra l  in fo rm a t io n  e x t r a c t i o n  
p ro c e s s  ( i . e .  th e  amodal a s p e c t s  o f  m u lti-m oda l s t i m u l i )  o r  i s  
co n f in e d  to  speech  p e rc e p t io n  and th e  o n se t  o f  speech  p ro d u c t io n .  
This q u e s t io n  w i l l  be pursued  tow ards th e  end o f  t h i s  d i s c u s s io n .
The o th e r  a s p e c t  o f  c o o rd in a te d  a u d io - v i s u a l  p ro c e s s in g  
d i s t i n g u i s h e d  i n  th e  I n t r o d u c t io n  was t h a t  o f  th e  a s s o c i a t i v e  
r e l a t i o n s h i p s  between th e  s t im u lu s  in fo rm a t io n  i n  each  m o d a l i ty .  
For th e  p a r t i c u l a r  s t im u lu s  f e a t u r e s  i n v e s t i g a t e d  h e re  th e  r e s u l t s  
were u n in fo rm a t iv e .  I t  was u n e q u iv o c a l ly  shown t h a t  t h e r e  was
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l i t t l e  ev idence  f o r  i n t e g r a t i o n  o f  th e  m o d a l i t i e s  a t  t h i s  l e v e l  f o r  
th e  age ranges  s tu d ie d .  An a n a l y s i s  o f  th e  n a tu re  o f  th e
p ro c e s s in g  r e q u i r e d  a l s o  showed t h a t  i t  i s  n o t  s u r p r i s i n g  t h a t  
p o s i t i v e  ev idence  re g a rd in g  t h i s  l e v e l  o f  c o o rd in a t io n  i s  so
s p a r s e .  However, doubts  were r a i s e d  about th e  n a tu re  o f  th e
methodology employed, in  p a r t i c u l a r  re g a rd in g  Experiment 3b, where 
i t  seemed u n b e l ie v a b le  t h a t  i n f a n t s  were n o t  cap a b le  o f  th e  
a p p r o p r ia t e  s e l e c t i v e  f i x a t i o n  b eh av io u r .  I t  must be emphasised 
a g a in  how c r i t i c a l  changes i n  p rocedure  ap p ea r  to  be i n  r e l a t i o n  to  
e x p e r im e n ta l  i n v e s t i g a t i o n  i n  t h i s  a r e a .  This has a l r e a d y ,  been 
d is c u s s e d  i n  r e l a t i o n  to  th e  s t u d i e s  on sound l o c a l i s a t i o n  bu t must 
be r e i t e r a t e d  h e re .  I t  seems to  be a p a r t i c u l a r  problem w ith  
re g a rd  to  the  in f lu e n c e  o f  a u d i to r y  in fo rm a t io n  on v i s u a l  s e l e c t i o n  
( e . g .  th e  r i g h t / l e f t  p o s i t i o n  c o n t r o l s ) .
With re g a rd  to  th e  s ta g e  h i e r a r c h i c a l  model o u t l i n e d  i n  th e  
I n t r o d u c t io n ,  th e  r e s u l t s ,  from th e  s e r i e s  o f  experim en ts  conducted  
h e re ,  a r e  g e n e r a l ly  s u p p o r t iv e .  There was ev idence o f  aw areness  
and p ro c e s s in g  o f  th e  s t r u c t u r a l  co rre spondences  between v i s i o n  and 
a u d i t i o n ,  b o th  s p a t i a l  and tem poral d u r in g  th e  f i r s t  y e a r .  There 
was no ev idence  o f  any r e p r e s e n t a t i o n  o f  a r b i t r a r y  o r  a s s o c i a t i v e  
co rrespondences  e i t h e r  f o r  a r t i f i c i a l  s t im u l i  ( th e  v i s u a l  p a t t e r n s  
and sounds o f  Experim ents  1 and  2) or th e  s e m i - n a t u r a l i s t i c  s t im u l i  
(pho tographs  o f  f a c e s  and v o ic e s  o f  Experiment 3 ) .  Thus a t  a 
s im ple  l e v e l  th e  developm enta l p ro g re s s io n  proposed i s  s u p p o r te d .
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A number o f  m e th o d o lo g ica l  and t h e o r e t i c a l  i s s u e s  o f  im portance  
a r i s e  from th e se  f in d in g s  and r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  
P r im a r i ly ,  th e r e  i s  a need f o r  a deepe r  u n d e rs ta n d in g  o f  th e  
paradigms used .  Much o f  th e  e x p e r im e n ta t io n  d is c u s s e d  and r e p o r te d  
h e re  u se s  v i s u a l  a t t e n t i o n  (o r  p r e f e r e n c e )  as  th e  b a s ic  re sp o n se  
m easure . This i s  how th e  i n f a n t  t e l l s  us  what i t  knows abou t th e  
immediate env ironm ent.  What we a l s o  want to  know however, i s  what 
t h a t  v i s u a l  a t t e n t i o n  t e l l s  th e  i n f a n t  about th e  env ironm ent.  Take 
f o r  example th e  p re fe re n c e  paradigm as  ex em p lif ied  i n  th e  Dodd 
(1979) and Spelke (1976, 1979) s t u d i e s .  The i n f a n t  i s  o s t e n s i b l y  
p re s e n te d  w ith  two s t i m u l i ,  one a ' n a t u r a l '  s t im u lu s  and th e  o th e r  
an 'u n n a t u r a l '  s t im u lu s .  The i n f a n t  views th e  ' n a t u r a l '  s t im u lu s  
lo n g e r  th a n  th e  ' u n n a t u r a l ' .  What does t h a t  t e l l  us abou t th e  
i n f a n t ' s  p ro c e s s in g ?  The g e n e ra l  i n t e r p r e t a t i o n  o f  t h i s  i s  t h a t  
th e  i n f a n t  i s  e x t r a c t i n g  th e  amodal p r o p e r t i e s  o r  f e a t u r e s  from 
bo th  m o d a l i t i e s  i n  th e  ' n a t u r a l '  s t im u lu s  which i t  i s  u n ab le  to  do 
i n  th e  'u n n a t u r a l ' .  Dodd (1979) su g g e s ts  t h a t  i n  some sen se  th e  
i n f a n t  i s  be ing  p re s e n te d  w ith  one message from th e  ' n a t u r a l '  
s t im u lu s  and two c o n f l i c t i n g  messages from th e  ' u n n a t u r a l '
s t im u lu s .  The argument p roceeds  t h a t  because  th e  i n f a n t  l i v e s  i n
an in t e g r a t e d  p e r c e p tu a l  world (G ibson, 1966; Bower, 1974b) t h i s  
asynchrony  i s  d i s tu r b i n g  and th e  i n f a n t  pays l e s s  a t t e n t i o n  to  i t
th a n  th e  synchronous s t im u lu s .  The problems w ith  t h i s  l i n e  o f
re a s o n in g  a r e  tw ofo ld .
F i r s t l y ,  as o u t l in e d  in  th e  I n t r o d u c t io n ,  i t  d o e s n ' t  s p e c i f y  
which k in d s  o f  sen so ry  p a i r i n g s  th e  i n f a n t  shou ld  f in d  
'a sy n ch ro n o u s ' o r  'u n n a t u r a l ' .  There i s  no model o r  th e o ry  o f
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which m o d a l i t i e s  o r  which a s p e c t s  o f  p a i r s  o f  m o d a l i t i e s  a r e  
i n t e g r a t e d .  The th e o ry  i s  p o s t-h o c  i n  t h i s  r e s p e c t ;  s e n s o ry  
p a i r i n g s  a r e  p a r t  o f  th e  i n f a n t ' s  i n t e g r a t e d  sen so ry  system  i f  when 
t h a t  p a i r i n g  i s  d i s tu r b e d  a consequent d is tu rb a n c e  in  th e  i n f a n t ' s  
a t t e n t i o n  i s  found. I t  was argued i n  th e  I n t r o d u c t io n  t h a t  what i s  
r e q u i r e d  i s  a th e o ry  o f  th e  co rrespondences  t h a t  c o -o cc u r  a c ro s s  
m o d a l i t i e s  and t h a t  th e  s t r u c t u r a l / a s s o c i a t i o n  d i s t i n c t i o n  must 
form p a r t  o f  such a th e o ry .  F u rthe rm ore ,  t h a t  i t  i s  v i o l a t i o n s  o f  
th e  s t r u c t u r a l  p r o p e r t i e s  t h a t  w i l l ,  a t  l e a s t  i n t i a l l y  a f f e c t  th e  
i n f a n t ' s  p ro c e s s in g .
The second problem w ith  th e  i n t e g r a t e d  p e r c e p tu a l  world  
h y p o th e s i s  i s  t h a t  i t  f a i l s  to  hand le  a l l  o f  the  e x p e r im e n ta l  
f i n d i n g s .  In  p a r t i c u l a r ,  th o se  c a s e s ,  reviewed i n  th e  
I n t r o d u c t io n ,  where s t r u c t u r a l  a sy n c h ro n ie s  a r e  in t ro d u c e d  b u t no 
p e r c e p tu a l  d i s r u p t i o n  i s  observed  o r  more c r i t i c a l l y  th e  r e l a t i v e  
p r e fe re n c e  i s  i n  th e  o p p o s i te  d i r e c t i o n .  The r e s u l t s  from 
Experiment 5, where th e  i n f a n t s  p a id  more, n o t  l e s s ,  a t t e n t i o n  to  
th e  s t im u lu s  even t p r e s e n t in g  d i f f e r e n t  a u d i to r y  and v i s u a l  
m essages, p roves  p a r t i c u l a r l y  p ro b le m a t ic .  A dm itted ly  t h i s  l a t t e r  
r e s u l t  needs c o n f i rm a t io n  by b o th  r e p l i c a t i o n  and e x te n s io n  to  
o th e r  e v e n ts ,  but i t  does h i g h l i g h t  th e  problem o f  i n t e r p r e t i n g  th e  
d i r e c t i o n s  o f  th e  way v i s u a l  a t t e n t i o n  i s  a f f e c t e d  i n  p e r c e p tu a l  
d i s r u p t i o n  s t u d i e s .  More r e c e n t l y ,  MacKain, S tuddert-K ennedy , 
S p ie k e r  and S te rn  (1983) p u b l ish e d  th e  r e s u l t s  o f  an experim en t 
o b se rv in g  f i v e  month o ld  i n f a n t s  a t t e n t i o n  to  normal and 
m an ipu la ted  f a c e /v o ic e  s t i m u l i .  They p re s e n te d  i n f a n t s  w i th  two 
s p a t i a l l y  d is p la c e d  v id e o s  o f  f a c e s  mouthing d i f f e r e n t  CVCV
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d i s y l l a b l e s  ( e .g .  /mama/, / l u l u / )  s im u l ta n e o u s ly  w ith  th e  speech  
c o r re sp o n d in g  to  one o f  th e  d i s p la y s  from th e  lo u d sp eak e rs  o f  bo th  
m o n i to rs .  They found t h a t  th e  i n f a n t s  viewed th e  d i s p l a y  
a p p r o p r ia te  to  th e  sound lo n g e r  th a n  th e  d i s p la y  i n a p p r o p r i a t e  to  
th e  sound. The e x te n t  to  which th e  d isc re p a n c y  between th e s e  
r e s u l t s  and th o se  r e p o r te d  f o r  Experiment 5 a r e  due to  p ro c e d u ra l  
o r  s t im u lu s  d i f f e r e n c e s  needs to  be r e s o lv e d .  However, i t  must be 
no ted  t h a t  th e  MacKain e t . a l .  s tu d y  i s  s u b je c t  to  th e  same 
c r i t i c i s m s  l e v e l l e d  a t  th e  Spelke (1976, 1979) ex p e r im en ts .  That 
i s  th e  sound may n o t  n e c e s s a r i l y  be l o c a l i s e d  a t  e i t h e r  o f  th e  
v i s u a l  d i s p l a y s .  A d d i t io n a l ly ,  th e  speech  examples used  may n o t  be 
a s  d i s c r im in a b ly  d i s t i n c t ,  v i s u a l l y  and a c o u s t i c a l l y ,  as  th o se  used 
i n  Experiment 5*
A p a r t i a l  r e s o l u t i o n  o f  th e s e  d i f f i c u l t i e s  i s  p roposed  i n  th e  
p o s t-h o c  e x p la n a t io n  o f  Experiment 5* P r i n c i p a l l y  one has  to  view 
th e  e x p e r im e n ta l  s i t u a t i o n  from th e  i n f a n t ' s  p e r s p e c t iv e  and a sk  
what k ind  o f  ta s k  i s  i t  t h a t  th e  i n f a n t  i s  be ing  asked to  perform ?
The f i r s t  assum ption  i s  t h a t  th e  i n f a n t ' s  p ro c e s s in g  c a p a c i t i e s  
a r e  p ro b ab ly  o rg an ised  to  reduce th e  in fo rm a t io n  load  from th e  
environm ent and a l low  him to  b u i ld  up i n t e r n a l  r e p r e s e n t a t i o n s  o f  
t h a t  environm ent -  models o f  th e  w orld .  That i s  to  s im p l i f y  and 
encode th e  incoming in fo rm a t io n  s tre a m s .  What k in d s  o f  p ro c e s s in g  
mechanisms might enhance and su p p o r t  t h i s  s t r a t e g y ?  F i r s t l y ,  
r e c o g n is in g  r e p e t i t i o n  o f  in fo rm a t io n  w i th in  th e  same m o d a l i ty  
( i . e .  memory) would be an im p o r tan t  a t t r i b u t e .  This we know i s  
f u n c t i o n a l .  Secondly , r e c o g n is in g  r e p e t i t i o n  o f  in fo rm a t io n  a c r o s s
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m o d a l i t i e s .  This would a l lo w  r e p r e s e n t a t i o n  o f  m ulti-m odal e v e n ts  
i n  a much s im p le r  form at th a n  encoding  th e  in fo rm a t io n  from each 
m o d a li ty  in d e p e n d e n t ly .  This common in fo rm a t io n  e x t r a c t i n g  
s t r a t e g y  r e q u i r e s  some p re c o n d i t io n s  to  he met b e fo re  i t  can o ccu r .  
The in fo rm a t io n  a c ro s s  th e  m o d a l i t i e s  must emanate from th e  same 
p o s i t i o n  i n  sp ace .  Secondly , th e  tem pora l p a t t e r n s  a c ro s s  th e  
m o d a l i t i e s  must be sy n c h ro n ise d .  The h y p o th e s i s  i s  t h a t  th e  i n f a n t  
f i r s t  t e s t s  th e s e  c r i t e r i a  b e fo re  a t te m p t in g  to  map th e  changes 
o c c u r r in g  in  each  m o d a li ty  on to  some common r e p r e s e n t a t i o n .  
V io la t io n  o f  th e se  c o n d i t io n s  h a l t s  a t t e n t i o n  and p ro c e s s in g  and 
s h i f t s  i t  o f f  to  some o th e r  p a r t  o f  th e  environm ent to  m o n ito r  
s t im u l i  t h a t  do meet th e s e  c r i t e r i a .  This type  o f  s t r a t e g y  a l lo w s  
th e  f a s t e s t  and most e f f i c i e n t  in fo rm a t io n  r e d u c t io n  o f  th e
s t im u lu s  env ironm ent. Note t h a t  th e r e  i s  no need to  p o s i t
aw areness o r  expec tancy  to  e x p la in  th e  observed i n a t t e n t i o n  to  
'p a r a d o x i c a l '  s t i m u l i .  In  P i a g e t i a n  term s th e  i n f a n t  i s  s im ply  
engaging  a l l  sen so ry  schem ata.
This  model has a number, o f  im p l i c a t io n s  which s u g g e s ts  two main 
l i n e s  f o r  f u tu r e  r e s e a r c h .  Much o f  th e  work in  a u d i o / v i s u a l
i n t e g r a t i o n  has  c o n c e n tra te d  on u s in g  speech  s t im u l i  -  m a n ip u la t io n  
o f  f a c e /v o ic e  r e l a t i o n s h i p s .  This b ia s  r e f l e c t s  th e  p r e v a i l i n g  
view t h a t  speech  and speech  p ro c e s s in g  may have some p r iv e l e g e d  
s t a t u s  as  s t im u l i  i n  human in fo rm a t io n  p ro c e s s in g  because  o f  th e  
im portance o f  language i n  human b eh av io u r .  C onverse ly , th e  model 
proposed  h e re  i s  n o t  r e s t r i c t e d  to  speech  p ro c e s s in g .  In  
p a r t i c u l a r  i t  s u g g e s ts  t h a t  th e  same deg rees  o f  i n t e g r a t i o n  and 
d i r e c t i o n s  o f  a t t e n t i o n  o r  p ro c e s s in g  would be found f o r  ( i )
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a r b i t r a r y  p a i r i n g s  o f  a u d i to r y  and v i s u a l  s t im u l i  t h a t  had th e  
r e l e v e n t  s t r u c t u r a l  r e l a t i o n s h i p s  p re s e rv e d  and ( i i )  t h a t  th e  same 
o b s e rv a t io n s  could  be made w ith  o th e r  p a i r s  o f  m o d a l i t i e s  -  v i s io n  
and touch ,  a u d i t i o n  and touch  e t c ,  a g a in  assuming t h a t  th e  
s t r u c t u r a l  p r o p e r t i e s  a r e  m an ip u la ted  and c o n t r o l l e d  in  an 
a p p r o p r ia t e  manner. I t  i s  su g g es ted  t h a t  f u r t h e r  r e s e a r c h  pursue  
th e s e  two l i n e s  o f  i n v e s t i g a t i o n .  The r e s u l t s  from such r e s e a r c h  
have im p l ic a t io n s  f o r  bo th  g e n e ra l  t h e o r i e s  o f  p e r c e p tu a l  
development and a l s o  speech  and language developm ent.
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APPENDIX ONE
VISUAL AND AUDITORY STIMULI
V i s u a l  s t i m u l i  f o r  Expe r im en t  1
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A d d i t i o n a l  v i s u a l  s t i m u l i  f o r  Expe r im en t  2.
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\f
V i s u a l  s t i m u l i  f o r  Exper im ent  3*
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H ello  (b a b y 's  name)
Can you see  your (mum). Here I  am h e re .  This i s  my
p ic tu r e  t a l k i n g  to  you. L e t ' s  see  i f  you can f in d  me. That
o th e r  p i c tu r e  i s  your (d ad ) .  He i s  n o t  t a l k i n g .  I t ' s  o n ly  
my v o ic e  you can h e a r .  I t ' s  funny t a l k i n g  to  you l i k e  t h i s ,  
because  I  c a n ' t  see  you. I f  t h i s  experim ent i s  a s u c c e s s  
then  you w i l l  have made an im p o r tan t  c o n t r i b u t i o n  to  s c ie n c e .  
People d o n ' t  know much about b a b ie s  l i k e  you b u t  by lo o k in g  
a t  me you can t e l l  us q u i t e  a l o t .  I f  I  c a l l  you r  name 
a g a in ,  w i l l  you look  a t  me once more b e fo re  you f i n i s h .  Come
on, (baby ' name), g iv e  me a s m ile ;  show th e s e  people  what a
c l e v e r  baby you a r e .
A ud ito ry  s t im u lu s  f o r  Experiment 3*
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APPENDIX TWO
ANALYSIS OF VARIANCE AND DATA TABLES
F a m il ia r isa t io n  V io la t io n
T r ia ls  T r ia l  Condition
1 2 3 4 5 6 7
Side
20.67 23.72  21 .24  20.61 19.03 17.65 18.90 A ud ito ry
Change
C e n t ra l
6 months 23.30 20 .50  20.43 22.25 21.55 20.47 20 .92  A ud ito ry
Change
C e n t ra l
20 .69  20.16 19.81 18.04 18.18 14-75 18.25 V isu a l
Change
Side
20.34 20 .40  21.27 17.00 17.11 17.06 13-96 A u d ito ry
Change
C e n t ra l
9 months 22.07 19.86 18.68 21.36 15-30 18.77 19.64 A ud ito ry
Change
C e n t ra l
19.35 18.82 17.84  14.84 17.41 14.16 20.12 V isu a l
Change
Side
20.32 18.22 17.82 19.01 19.09 17.17 13.16 A u d ito ry
Change
C e n t ra l
12 month 15-75 16.58 14-10 14.64 13-99 11.60 11 . 3 0  A u d ito ry
Change
C e n t ra l
15.94 14.37 12.95 14.93 15.50  13.51 21.39  V isu a l
Change
Table 1.1 Mean duration o f  t o t a l  f ix a t i o n  per t r i a l  to  the c e n tr a l
s t im u lu s . N=10 f o r  each v io l a t io n  con d it io n  in  each age group.
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2F a m il ia r is a t io n
T r ia ls
3 4 5 6
V io la t io n  
T r i a l  C o n d it io n  
7
S ide
1.24 0 .66  0 .3 4  0 .75  0 .11. 0 .5 9  1.41 A u d ito ry
Change
C e n t r a l
6 months 0.61 1 .44  0.91 0 .9 0  0 .1 0  0.41 0 .15  A u d ito ry
Change
C e n t r a l
1 .29  0 .32  0 .5 8  0.71 0 .52  0 .8 7  0.31 V is u a l
Change
S ide
1 .50  1.86 1.25 1 .67 1 .77  1.35 4 .4 5  A u d ito ry
Change
C e n t r a l
9 months 1.76 1 .97 2 .02  1 .34 0 .96  0 .5 4  0 .8 4  A u d ito ry
Change
C e n t r a l
3.02  2 .34  1.57 1.61 0 .96  1 .80  0 .32  V is u a l
Change
S ide
1.81 2 .60  1.27 1 .63 1 .13 1 .52 5 .89  A u d ito ry
Change
C e n t r a l
12 month 3-89 3-10 1.53 1.32 1.12 0 .8 7  1 .68  A u d ito ry
Change
C e n t r a l
1 .90 1 .74  1 .64 1 .82 1.01 1 .42 0 .33  V is u a l
Change
Table 1 .2  Mean duration o f  t o t a l  f ix a t i o n  per t r i a l  to  the s id e
s t im u lu s .  N=10 f o r  each v io l a t io n  c o n d it io n  in  each age group.
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6 months
9 months
12 month
Table 1 .3  
s t im u lu s .
F a m il ia r is a t io n  V io la t io n
T r ia ls  T r ia l Condition
1 2 3 4 5 6 7
Side
21.13 21 .34  24.81 21.61 25.63 25 .04  20.63 A ud ito ry
Change
C e n t ra l
18.17 19.55 19.16 23 .00  27.36 25.12  25.75 A u d ito ry
Change
C e n t ra l
17.59 25.31 22.17  23.63 20 .67  22 .77  24 .68  V is u a l
Change
Side
13.25 13.85 13.86 12.47 17.76 16.25 6 .39  A udito ry
Change
C e n t ra l
15-54 16.95 18.53 18.22 16.80 20.66 20.97 A u d ito ry
Change
C e n t ra l
10.70 12.04 14.60 17.67 16.03 12.79 21.15 V isu a l
Change
Side
12.65 10.18  12.89 15-33 20.15 18.02 6 .13  A u d ito ry
Change
C e n t ra l
7 .83  8 .6 8  12.60 15*67 19*24 12.86 20 .60  A u d ito ry
Change
C e n t ra l
11.59 11.40 11.72 12.29 18.36 15.81 22.89  V isu a l
Change
Mean la ten cy  o f  f i r s t  f ix a t i o n  per t r i a l  to  the s id e
N=10 f o r  each v io l a t io n  con d it ion  in  each age group.
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Source S. S. D.F. M.S. F P
B etw een -sub jec t
Age(A) 1619-10 2 845.55 8 .6 8 <0.001
C ondition(C ) 616.78 2 308.39 3 .17 <0.05
AxC 479.48 4 119.87 1.23
S u b je c ts 7888.98 81 97.39
W i th in - s u b je c t
T r i a l s ( T ) 760.57 5 152.11 11.64 <0.001
AxT 169.97 10 16.99 1.30
CxT 180.26 10 18.02 1.38
AxCxT 396.69 20 19.83 1.52
TxSubjects 5294.92 405 13.07
Table 1 .4  A n a ly s is  Of h a b i tu a t i o n  t r i a l s  Of th e  t o t a l  f i x a t i o n  
to  th e  c e n t r a l  s t im u lu s ,  age (A) x c o n d i t io n  (C) x t r i a l s  (T ).
Source S .S . D.F. M.S. F
B e tw een -su b jec t
Age(A) 120.54 2 60.27 10.35
C ondit ion(C ) 1.37 2 0 .6 8 0.12
AxC 10.52 4 2.63 0.45
S u b je c ts 471.93 81 5.83
W i th in - s u b je c t
T r i a l s ( T ) 75.25 5 15.05 8.26
AxT 14.76 10 1 .48 0.81
CxT 27.89 10 2.79 1.53
AxCxT 46.01 20 2 .30 1.26
T xSubjects 737.95 405 1.82
<0.001
<0.001
Table 1 .5  A nalysis  o f  h a b itu a tion  t r i a l s  Of the t o t a l  f ix a t i o n
to the s id e  s t im u lus , age (A) x  con d it ion  (C) x t r i a l s  (T).
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Source S .S . D.F. M.S. F
B e tw een -su b jec t
Age(A) 7676.04 2 3838 .02 15 .1 8
C ondit ion (C ) 133.58 2 66.79 0.26
AxC 561.16 4 ' 140.29 0.55
S u b je c ts 20475.10 81 2 5 2 .7 8
W ith in - s u b je c t
T r i a l s ( T ) 2145.58 5 429.12 6.52
AxT 535.19 10 53.52 0.81
CxT 382 .7 2 10 38.27 0 . 5 8
AxCxT 915.51 20 45 .78 0 .7 0
T xSubjects 26662 .30 405 65.83
Table 1 .6  A n a ly s is  o f  h a b i tu a t i o n  t r i a l s  o f  th e  l a te n c y  o f  th e  
f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x c o n d i t io n  (C) x 
t r i a l s  (T ) .
Source S .S . D.F. M.S. F P
B etw een -su b jec t
Age(A) 452.95 2 226.47 5.23 <0.01
C o n d it io n (c ) 23.13 2 11 .5 6 0.27
AxC 658 .22 4 164.55 3 .80 <0.01
S u b je c ts 3506.81 81 43 .29
W i th in - s u b je c t
T r i a l s ( T ) 86.81 1 86.81 4 .65 <0.05
AxT 2.69 2 1.34 0 .07
CxT 473.29 2 236.64 12.69 <0.001
AxCxT 128.06 4 32.01 1 .72
T xSubjects 1511.08 81 18.66
Table 1 .7  A n a ly s is  o f  v i o l a t i o n  t r i a l s  o f  th e  t o t a l  f i x a t i o n
to  the  c e n t r a l  s t im u lu s ,  age (A) x c o n d i t io n  (C) x t r i a l s  (T ).
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Source S .S . D.F. M.S. F P
B e tw een -su b jec t
Age(A) 55.69 2 27. 84 5.76 <0.005
C ondit ion(C ) 121 .37 2 60 .68 12.54 <0.001
AxC 33.72 4 8 .43 1.74
S u b je c ts 391.85 81 4 .8 4
W i th in - s u b je c t
T r i a l s ( T ) 20.07 1 20.07 4 .29 <0.05
AxT 13.96 2 6 . 9 8 1.49
CxT 112.01 2 5 6 .0 0 11 .96 <0.001
AxCxT 23.40 4 5.85 1.25
TxSubjects 379.25 81 4 . 6 8
Table 1 . 8  A n a ly s is  o f  v i o l a t i o n  t r i a l s  o f  th e  t o t a l  f i x a t i o n  
to  th e  s id e  s t im u lu s ,  age (A) x c o n d i t io n  (C) x t r i a l s  (T ).
Source S .S . D.F. M.S. F P
B etw een -su b jec t
Age(A) 2429*33 2 1214.67 11 .20 <0.001
C ondit ion(C ) 1066.74 2 533.37 4.92 <0.025
AxC 458.58 4 114.64 1.06
S u b je c ts 8781.21 81 108.41
W i th in - s u b je c t
T r i a l s ( T ) 0.01 1 0.01 0 . 0 0
AxT 22.49 2 11.24 0 .19
CxT 1767.84 2 883 .92 15.31 <0.001
AxCxT. 420.19 4 105.05 1.82
T xSubjects 4677.82 81 57.75
Table 1 .9  A n a ly s is  o f  v i o l a t i o n  t r i a l s  o f  th e  l a te n c y  o f  th e  f i r s t
f i x a t i o n  to  the .  s id e  s t im u lu s ,  age (A) x c o n d i t io n  (C) x t r i a l s  (T ).
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6 months
9 months
Table 2. 
s t im u lu s
F a m il ia r isa t io n  V io la t io n
T r ia ls  T r ia l  Condition
1 2 3 4 5 6 7
Side
20.55 18.55 17*77 17*40 18.35 16.53 15*32 A ud ito ry
Change
C e n t ra l
18.97 16.76 17*55 16.95 15*74 15*86 12.86 A u d ito ry
Change
C e n t r a l
18.04 19*11 17*45 16.42 13*43 14*05 17*27 V is u a l
Change
Side
16.71 17*34 15*22 15*65 13*89 13*41 10.50 V is u a l
Change
Side
15*16 12.96 12.62 15*13 12.69 12.50 10.69 A u d ito ry
Change
C e n t r a l
18.51 15.62 14*65 15*47 15*46 15*73 16.31 A u d ito ry
Change
C e n t r a l
15*87 13*94 11*70 13*15 11*31 10.51 16.30 V is u a l
Change
Side
15*78 14*21 13*19 14*30 12.85 11*15 13*39 V is u a l
Change
I Mean d u ra t io n  o f  t o t a l  f i x a t i o n  p e r  t r i a l  to  th e  c e n t r a l
. N=10 f o r  each v i o l a t i o n  c o n d i t io n  i n  each age g roup.
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6 months
9 months
Table 2 .2  
s t im u lu s .
F a m il ia r isa t io n  V io la t io n
T r ia ls  T r ia l  Condition
1 2 3 4 5 6 7
Side
3 .41 4 . 5 7  3 .9 3  4 .4 6  1 .45  5-56 3-91 A u d ito ry
Change
C e n t ra l
4 .6 3  4 .4 0  5*67 4 .86  4*27 5 .24  4 .46  A ud ito ry
Change
C e n t ra l
5.01 4 .43  4.21 3 .75  4 .79  4 .82  2 .74  V isu a l
Change
Side
6 .36  4.41 6 .15  4 .76  5 .35  5 .96  5 .80  V is u a l
Change
Side
5 .47 6 .87  6.51 5-37 4 .55  5 .09  5-98 A u d ito ry
Change
C e n t r a l
4 .9 0  6 .47  6 .13  5 .66  3.51 2 .78  2 .82  A ud ito ry
Change
C e n t r a l
4 .66  4 .1 8  4 .5 8  4.51 3 .2 8  4 .29  1 .80  V is u a l
Change
S ide
9 .00  7 .36  6 . 0 0  5.11 5 .63  3 .59  6 .70  V is u a l
Change
Mean d u r a t i o n  o f  t o t a l  f i x a t i o n  p e r  t r i a l  to  th e  s id e  
N=10 f o r  each v i o l a t i o n  c o n d i t io n  i n  each age g roup.
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Table 2 .3  
s t im u lu s .
F a m il ia r isa t io n  V io la t io n
T r ia ls  T r ia l  Condition
1 2 3. 4 5 6 7
Side
15-57 15-56 11.92 10.75 20.89  12.82 13*55 A u d ito ry
Change
C e n t r a l
12.82 14.25 14.57 12.86 12.26 10.47 14.09 A u d ito ry
Change
CsnliFsl.
11.77 12.49 9 .94  12.91 10.94 11.54 16.03 V is u a l
Change
Side
5.75 14.20 10.35 10.56 8 .77  7 .15  5 .78  V is u a l
Change
Side
8 .2 0  7*98 4-31 6 .25 7 .6 9  6 .12  5*07 A u d ito ry
Change
C e n t r a l
11.78 5.15 9 .1 7  7 .5 5  9 .23  13-47 16.62 A u d ito ry
Change
C e n t r a l
4 .53  5 .27  10.12 7 .82  6 .04  7 .06  15.24 V is u a l
Change
Side
5.46 6 .98  4*80 4 . 8 8  4.91 4 .96  5*46 V is u a l
Change
Mean l a te n c y  o f  f i r s t  f i x a t i o n  p e r  t r i a l  to  th e  s id e  
N=10 f o r  each v i o l a t i o n  c o n d i t io n  i n  each age g roup.
Page 360
Source S .S . D.F. M.S. F P
B e tw een -sub jec t
Age(A) 940.80 1 940.80 8.96  <0.005
ConditiOn(C) 335.32 3 111.77 1.06
AxC 249.81 3 83.27
S u b je c ts 7555.55 72 104.94
¥ i  t h i n - s u b j e c t
T r i a l s ( T ) 721.09 5 144.22 10.94
AxT 69.07 5 13.82 1.05
CxT 158.56 15 10.57
AxCxT 76.53 15 5 .10
T xSubjects 4744.84 360 13.18
Table 2 .4  A n a ly s is  o f  h a b i tu a t i o n  t r i a l s  o f  th e  t o t a l  f i x a t i o n  
to  th e  c e n t r a l  s t im u lu s ,  age (A) x c o n d i t io n  (C) x t r i a l s  (T ).
Source S .S . D.F. M.S. F
B e tw een -su b jec t
Age(A) 62.14 1 62.14 1.08
C o n d it io n (c ) 147.40 • 3 49.14
AxC 90.30 3 30 .10
S u b je c ts 4106.27 72 57.03
W i th in - s u b je c t
T r i a l s ( T ) 114.54 5 22.91 3.25 <0.01
AxT 89.62 5 17.92 2.55 <0.05
CxT 134.69 15 8 .9 8 1 .28
AxCxT 119.93 15 7 .9 9 1.14
TxSubjects 2532.95 360 7 .0 4  .
Table 2 .5  A n a ly s is  o f  h a b i tu a t i o n  t r i a l s  Of th e  t o t a l  f i x a t i o n  
to  th e  s id e  s t im u lu s ,  age (A) x c o n d i t io n  (C) x t r i a l s  (T ).
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Source S .S . D.F. M.S. F
B e tw een -su b jec t
Age(A) 3073.95 1 3073.95 15.27
C ondit ion(C ) 1022.55 3 340.78 1.69
AxC 335.04 3 111.68
S u b je c ts 14489.80 72 201.25
W i th in - s u b je c t
T r i a l s ( T ) 82 .89 5 16.58
AxT 327.98 5 65.60 1.56
CxT 990.26 15 66.02 1.57
AxCxT 660.07 15 44.00 1.05
TxSubjects 15121.60 360 42.00
Table 2 .6  A n a ly s is  o f  h a b i tu a t i o n  t r i a l s  o f  th e  l a te n c y  o f  th e  
f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x c o n d i t io n  (C) x 
t r i a l s  (T ) .
Source S .S . D.F. M.S. F P
B etw een -su b jec t
Age(A) 52.90 1 52 .90
C ond it ion (C ) 211.67 3 70.56
AxC 214.32 3 71.44
S u b je c ts 3323.31 72 4 6 . 16
W ith in - s u b je c t
T r i a l s ( T ) 51.84 1 51.84
AxT 71.29 1 71.29 5.09 <0.05
CxT 236.57 3 78.86 5.64 <0.005
AxCxT 44.11 3 14.70
T xSubjects 1007 .10 72 13.99
Table 2 .7  A n a ly s is  Of v i o l a t i o n  t r i a l s  o f  th e  t o t a l  f i x a t i o n  
to  th e  c e n t r e  s t im u lu s ,  age (A) x c o n d i t io n  (C) x t r i a l s  (T ).
Source S .S . D.F. M.S.
Between-su(b j e c t
Age(A) 6.56 1 6.56
C ond it ion (C ) 102.40 3 34.13
AxC 82.37 3 27.46
S u b je c ts 1449.29 72 20.13
W i th in - s u b je c t
T r i a l s ( T ) 0 .53 1 0 .53
AxT 10.10 1 10.10
CxT 79.99 3 26.66
AxCxT 19.02 3 6.34
T xSubjec ts 430.89 72 5 .98
Table 2 .8  A n a ly s is  o f  v i o l a t i o n  t r i a l s  Of th e  t o t a l  f i x a t i o n  
to  th e  s id e  s t im u lu s ,  age (A) x c o n d i t io n  (C) x t r i a l s  (T ).
Source S .S .  D.F. M.S. F P
B e tw ee n -su b jec t
Age(A) 189.88 1 189.88
C ond it ion (C ) 1469-61 5 489.87 5 .18  <0.005
AxC 547.85 3 182.61
S u b je c ts  6811.72 72 94.61
W i th in - s u b je c t
T r i a l s ( T )  208.16 1 208.16 4 .19  <0.05
AxT 6.85 1 6.85
CxT 309.89 3 103.29
AxCxT 44.41 3 14.80
T xSubjects  3574.67 72 49.65
Table 2 .9  A n a ly s is  o f  v i o l a t i o n  t r i a l s  o f  th e  l a te n c y  o f  th e  
f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x  c o n d i t io n  (C) x 
t r i a l s  (T ).
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Source S .S .  D.F. M.S. F P
B etw een -su b jec t
Age(A) 187.49 1 187.49 3 .89
S u b je c ts  867.71 18 48.21
W i th in - s u b je c t
T r i a l s ( T )  22.81 1 22.81 2 .06
AxT 0 .9 0  1 0 .9 0
T xSubjects  198.84 18 11.05
Table 2 .10  A n a ly s is  Of v i o l a t i o n  c o n d i t io n  1 o f  th e  t o t a l  
f i x a t i o n  to  th e  c e n t r a l  s t im u lu s ,  age (A) x  t r i a l s  (T).
Source S .S . D.F. M.S. F
B e tw een -su b jec t
Age(A) 27.89 1 27.89
S u b je c ts 971.49 18 53.97
W i th in - s u b je c t
T r i a l s ( T ) 14.88 1 14.88
AxT 31.68 1 31.68 2 .1 8
T xSubjects 262.43 18 14.58
Table 2.11 A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  2 o f  th e  t o t a l  
f i x a t i o n  to  th e  c e n t r a l  s t im u lu s ,  age (A) x t r i a l s  (T).
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Source S .S .  D.F. M.S. F P
B etw een -sub jec t
Age(A) 50.85 1 50.85
S u b je c ts  674.85 18 37 .49
W i th in - s u b je c t
T r i a l s ( T )  202.95 1 202.95 8 .5 0  <0.01
AxT 16.51 1 16.51
T xSubjec ts  429-96 18 23.89
Table 2.12 A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  3 Of th e  t o t a l  
f i x a t i o n  to  th e  c e n t r a l  s t im u lu s ,  age (A) x t r i a l s  (T).
Source S. S. D.F. M.S. F P
B e tw een -su b jec t
Age(A) 0 .99 1 0 .99
S u b je c ts 809.26 18 44.96
W i th in - s u b je c t
T r i a l s ( T ) 1.12 1 1.12
AxT 66.31 1 66.31 10 .30  <0.01
TxSubjects 115.87 18 6.44
Table 2.13 A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  4 o f  th e  t o t a l  
f i x a t i o n  to  th e  c e n t r a l  s t im u lu s ,  age (A) x t r i a l s  (T).
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Source S .S .  D.F. M.S. F P
B etw een -su b jec t
Age(A) 36 .10  1 36 .10
S u b je c ts  460.41 18 25 .58
W i th in - s u b je c t
5 .18  1 5 .18  2 .03
0 .29  1 0 .29
45.91 18 2 .55
Table 2 .14  A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  1 o f  th e  t o t a l  
f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x  t r i a l s  (T).
Source S .S .  D.F. M.S. F P
B e tw een -sub jec t
Age(A) 42.02  1 42 .02  3-05
S u b je c ts  247.68 18 13.76
W ith in - s u b je c t
1 .37 1 1 .37
1.68 1 1.68
111.28 18 6 .18
Table 2.15 A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  2 o f  th e  t o t a l  
f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x t r i a l s  (T).
T r i a l s ( T )
AxT
TxSubjects
T r i a l s ( T )
AxT
T xSubjects
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Source S .S . D.F. M.S. F P
B e tw een -su b jec t
Age(A) 54.02 1 54.02
S u b je c ts 359.47 18 18.86
W i th in - s u b je c t
T r i a l s ( T ) 52.21 1 52.21 5 .1 8  <0.05
AxT 0.42 1 0 .42
T xSubjects 181.28 18 10.07
Table 2 .16 A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  3 Of th e  t o t a l  
f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x t r i a l s  (T ).
Source S .S . D.F. M.S.
B etw een -sub jec t
Age(A) 5.40 1 5.40
S u b je c ts 401.74 18 22.32
W i th in - s u b je c t
T r i a l s ( T ) 21.76 1 21.76
AxT 26.73 1 26.73
T xSubjects 92.42 18 5.13
Table 2 .17  A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  4  Of th e  t o t a l  
f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x t r i a l s  (T ).
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Source S .S . D.F. M.S. F P
B e tw een -sub jec t
Age(A) 576.08 1 576.08 8.41 <0.01
S u b je c ts 1232.55 18 68 .48
W i th in - s u b je c t
T r i a l s ( T ) 0 .26 1 0 .26
AxT 7.92 1 7 .92
T xSubjects 769.88 18 42.77
Table 2 .18  A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  1 o f  th e  la t e n c y  Of 
th e  f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x t r i a l s  (T ).
Source S .S .  D.F. M.S. F
B e tw een -su b jec t
Age(A) Y6.45 1 76.45
S u b je c ts  2625.34 18 145.85
W i th in - s u b je c t
T r i a l s ( T )  114.58 1 114-58 1.43
AxT 0.55 1 0 .55
TxSubjects  1442.05 18 80.11
Table 2 .19  A n a ly s is  Of v i o l a t i o n  c o n d i t io n  2 o f  th e  la t e n c y  o f  
th e  f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x t r i a l s  (T ).
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Source S.'S. D.F. M.S. F P
Betw een-subject
Age(A) 69.43 1 69-43
S u b je c ts  2596.06 18 144.23
W i th in - s u b je c t
.401.32 1 401.32 5.75 <0.05
34.04 1 34.04
1255-91 18 69-78
Table 2 .20  A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  3 Of th e  l a t e n c y  Of 
th e  f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x t r i a l s  (T ).
T r i a l s ( T )
AxT
T xSubjects
Source S .S .  D.F. M.S. F P
B e tw een -su b jec t
Age(A) 5 .40  1 5 .40
S u b je c ts  401.74 18 22.32
W ith in - s u b je c t
21.76 1 21.76  4 .24
26.73 1 26 .73  5.21 <0.05
92.42 18 5.13
Table 2.21 A n a ly s is  o f  v i o l a t i o n  c o n d i t io n  4 o f  th e  l a t e n c y  o f  
th e  f i r s t  f i x a t i o n  to  th e  s id e  s t im u lu s ,  age (A) x t r i a l s  (T ).
T r i a l s ( T )
AxT
T xSubjects
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Auditory Condition
Age T r i a l  S i le n c e  Male V}ice Female Voice
Group Set Male Female Male Female Male Female
3 1 5-33 17.08 14.20 9.43 11.14 13.02
Months 2 7 .56 12.51 7.99 14.29 13.52 6 .62
6 1 7 .14 15.47 10.99 7.42 7 .70 12.60
Months 2 8.51 6.93 8 .83 10.93 7 .85 13.06
9 1 8 .27 10.45 6 .16 11.22 7 .38 11.61
Months 2 9 .18 8 .60 9 .74 6.86 8 .16 9.11
12 1 9 .09 9.45 7.71 6 .19 7.52 7 .07
Months 2 5 .84 6.62 6 .73 8 .60 7 .68 7 .76
fa b le  3« 1 Mean t o t a l f i x a t i o n tim es  to each s t im u lu s u nder
th e  3 a u d i t o r y  c o n d i t io n s  f o r  th e  m ale-fem ale  com parisons. 
N=10 i n  each age group.
A ud ito ry  C ond it ion
Age T r i a l S i le n c e Male Vo ic e Baby Voice
Group Set Male Baby Male Baby Male Baby
3 1 18.36 5 .50 10.09 13.58 8.65 13.13
Months 2 10.48 11.22 8.46 14.42 10.74 9. 58
6 1 8 .87 15.40 9 .80 9*31 8.36 10.65
Months 2 11.13 7.41 7 .9 7 9 .80 7 .94 9.69
9 1 11.75 10.67 9-94 7 .3 0 9.38 10.91
Months 2 9 .34 7 .97 7 .44 9.29 8 .88 9 .20
12 1 10.07 8.36 7 .05 8.41 14.15 5.91
Months 2 10.02 7 .24 7 .8 0 7 .14 11.25 10.04
ra b le  3. 2 Mean t o t a l f i x a t i o n tim es to each  s t im u lu s under
th e  3 a u d i to r y  c o n d i t io n s  f o r  th e  m ale-baby com parisons. 
N=10 i n  each age group.
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Auditory Condition
Age T r i a l S i le n c e Female Vo i c e Baby Vo i c e
Group S et Female Baby Female Baby Female Baby
3 1 12.19 11.99 11.27 12.60 11.69 9 .43
Months 2 9.85 9. 67 13.25 9.45 9.76 12.08
6 1 13.83 7 .94 9.60 10.20 6.74 14.57
Months 2 5.61 9 .28 10.37 6 .69 9 .84 9.61
9 1 12.02 10.07 10.02 8.27 10.32 10.50
Months 2 10.75 8 .09 9.07 5.77 9.37 10.28
12 1 9 .80 10.08 12.10 6.61 10.42 9.56
Months 2 8 .49 7.26 8 .16 6.65 8 .62 8 .3 8
Table 3»3 Mean t o t a l  f i x a t i o n  t im es to  each s t im u lu s  under 
th e  3 a u d i to r y  c o n d i t io n s  f o r  th e  fem ale-baby  com parisons. 
N=10 i n  each age group.
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Source S .S . D.F. M.S. F P
B etw een -su b jec t
Age(A) 353.39 3 117.79 3.60 <0.025
S u b je c ts 1176.87 36 32.69
W i th in - s u b je c t
S tim ulus  P a ir (S P ) 80.03 2 40.01 6.05 <0.005
AxSP 48.85 6 8 .14
SPxSubjects 476.22 72 6.61
T r i a l  Set(TS) 510.88 1 510.88 55.36 <0.001
AxTS 63.19 3 21.06
TSxSubjects 520.49 36 14.46
P o s i t i o n (P ) 222.77 1 222.77 ,6.48 <0.005
AxP 104.47 3 34.82
PxS ub jec ts 1237.95 36 34.39
SPxTS 7.97 2 5.99
AxSPxTS 59.94 6 9.99
SPxTSxSubjects 480.87 72 6 .68
SPxP 241.12 2 120.56
AxSPxP 1703.49 6 283.92 4 .14 <0.005
SPxPxSubjects 4942.05 72 68.64
TSxP 2.05 1 2.05
AxTSxP 94.94 3 31.65
TSxPxSubjects 2288.27 36 63.56
SPxTSxP 163.22 2 81.61
AxSPxTSxP 405.62 6 67.60
SPxTSxPxSubjects 4509.38 72 62.63
Table 3»4 A n a ly s is  o f  th e  t o t a l  f i x a t i o n  to  each  s t im u lu s  
p a i r  d u r in g  th e  s i l e n t  t r i a l s ,  age (A) x s t im u lu s  p a i r  (SP) x 
t r i a l  s e t  (TS) x p o s i t i o n  (P ) .
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Source S .S . D.F. M.S. ’
S u b je c ts 450.39 9 50.04
W i th in - s u b je c t
S tim ulus  P a ir (S P ) 12.03 2 6.01
SPxSubjects 143.20 18 7 .96
T r i a l  Set(TS) 69.92 1. 69.92
TSxSubjects 120.11 9 15-55
P o s i t i o n (P ) 155.04 1 155.04
P xS ub jec ts 564.33 9 .62 .70
SPxTS 9.72 2 4 .86
SPxTSxSubjects 196.35 18 10.91
SPxP 1675.87 2 837.94
SPxPxSubjects 2402.19 18 135.46
TSxP 24.48 1 24.48
TSxPxSubjects 1459.56 9 162.17
SPxTSxP 218.18 2 109.09
SPxTSxPxSubjects 1540.01 18 85.56
5.24  <0.05
6 .28  <0.01
Table 5 .5  A n a ly s is  o f  th e  t o t a l  f i x a t i o n  to  each  s t im u lu s
p a i r  d u r in g  th e  s i l e n t  t r i a l s ,  s t im u lu s  p a i r  (SP) x
t r i a l  s e t  (TS) x  p o s i t i o n  (P ) ,  f o r  th e  th r e e  month o ld  group.
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Source S .S . D.F. M.S.
S u b je c ts 205.47 9 22.83
W ith in - s u b je c t
S tim ulus  P a ir (S P ) 52.01 2 26.00
SPxSubjects 143.36 18 7.96
T r i a l  Set(TS) 326.04 1 326.04
TSxSubjects 212.46 9 23 .60
P o s i t i o n (P ) 159.16 1 159.16
P xS ub jec ts 343.81 9 38. 20
SPxTS 2 .90 2 1.45
SPxTSxSubjects 101.17 18 5.62
SPxP 36.08 2 18.04
SPxPxSubjects 1155.27 18 64.18
TSxP 7.70 1 7 .70
TSxPxSubjects 468.43 9 52.05
SPxTSxP 210.94 2 105.47
SPxTSxPxSub j e c t s 1349.05 18 74.95
F P
.81 <0.
Table 3 .6  A n a ly s is  Of th e  t o t a l  f i x a t i o n  to  each  s t im u lu s  
p a i r  d u r in g  th e  s i l e n t  t r i a l s ,  s t im u lu s  p a i r  (SP) x 
t r i a l  s e t  (TS) x p o s i t i o n  (P ) ,  f o r  th e  s i x  month o ld  group
Source S .S .
S u b je c ts  106.08
W i th in - s u b je c t
S tim ulus  P a ir (S P )  26.25 
S PxSubjects  79 .99
T r i a l  Set(TS) 72 .08
TSxSubjects  48.81
P d s i t i o n (P )  2 .24
P xS ub jec ts  162.41
SPxTS 21.82
SPxTSxSubjects 94.59
SPxP 182.58
SPxPxSubjects 819.19
TSxP 7 .40
TSxPxSubjects 202.49
SPxTSxP 5.29
SPxTSxPxSubjects 591.09
D.F. M.S. F P
9 11.79
2 15 .12
18 4 .44
1 72 .08  13.29  <0.01
9 5.42
1 2 .24
9 18.05
2 10.91
18 5 .25
2 91.29
18 45.51
1 7 .40
9 22.49
2 2 .65
18 32 .84
Table 5 .7  A n a ly s is  o f  th e  t o t a l  f i x a t i o n  to  each  s t im u lu s
p a i r  d u r in g  th e  s i l e n t  t r i a l s ,  s t im u lu s  p a i r  (SP) x
t r i a l  s e t  (TS) x p o s i t i o n  (P ) ,  f o r  th e  n in e  month Old group.
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Source S .S . D.F. M.S.
S u b je c ts 414.92 9 46 .10
W i th in - s u b je c t
S tim ulus  P a ir (S P ) 38.59 2 19.29
SPxSubjects 109.66 18 6.09
T r i a l  Set(TS) 106.05 1 106.05
TSxSubjects 159.11 9 15.46
P o s i t i o n (P ) 10.80 1 10.80
PxS ub jec ts 167.59 9 18.59
SPxTS 33.47 2 16.73
SPxTSxSubjects 88.76 18 4.93
SPxP 50.09 2 25.05
SPxPxSubjects 565.39 18 31.41
TSxP 57.41 1 57.41
TSxPxSubjects 157.80 9 17.53
SPxTSxP 134.42 2 67.21
SPxTSxPxSub j e c t s 1029.24 18 57.18
F P
.86 <0 .
Table 3*8 A n a ly s is  o f  th e  t o t a l  f i x a t i o n  to  each  s t im u lu s  
p a i r  d u r in g  th e  s i l e n t  t r i a l s ,  s t im u lu s  p a i r  (SP) x t r i a l  
s e t  (TS) x p o s i t i o n  (P ) ,  f o r  th e  tw elve month o ld  group.
Source S .S . D.F. M.S. F P
B etw een -su b jec t
Age(A) 168.46 3 56.15 5 .00 <0.05
S u b je c ts 674.26 36 18.73
W i th in - s u b je c t
T r i a l  Set(TS) 170.78 1 170.78 14.84 <0.001
AxTS 66.06 3 22.02
TSxSubjects 414.33 36 11.51
Face(F) 428.69 1 428.69 8 .04 <0.01
AxF 592.08 3 150.69
F xS ub jec ts 1920.41 36 53.34
TSxF 226.81 1 226.81 5.17 <0.05
AxTSxF 153.79 3 51.26
TSxFxSubjects 1580.73 36 43.91
Table 5»9 A n a ly s is  o f  th e  t o t a l  f i x a t i o n  to  th e  male and 
fem ale s t im u l i  d u r in g  th e  s i l e n t  t r i a l s ,  age (A) x t r i a l  s e t  
(TS) x face  (F ) .
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Source S .S . D.F. M.S.
B e tw een -su b jec t
Age(A) 122.29 3 40.77
S u b je c ts 355.62 36 9 .8 8
W i th in - s u b je c t
T r i a l  Set(TS) 105.14 1 105.14
AxTS 30.09 3 10.03
TSxSubjects 289.96 36 8.05
Face(F) 190.31 1 190.31
AxF 255.11 3 85 .04
F xS ub jec ts 2566.37 56 71 .29
TSxF 4.87 1 4 .87
AxTSxF 675.68 3 225.23
TSxFxSubjects 2471.15 36 68.64
Table 3*10 A n a ly s is  Of th e t o t a l f i x a t i o n  to
baby s t im u li  during the s i l e n t  t r i a l s ,  age (A) x 
(TS) x face  (F ) .
F P
4.13  <0.025
3 .0 5  <0.001
3 .28  <0.05
male and 
t r i a l  s e t
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Source S .S .  D.F. M.S. F P
B etw een-subject
Age(A) 104.31 3 34.77
S u b je c ts 651.26 36 18.09
W i th in - s u b je c t
T r i a l  Set(TS) 226.10 1 226.10
AxTS 17.66 3 5.89
TSxSubjects 300.73 36 8.35
Face(F) ■ 40 .60 1 40.60
AxF 27.02 3 9.01
F xS ub jec ts 1621.38 36 45.04
TSxF 32.94 1 32 .94
AxTSxF 203.28 3 67.76
TSxFxSubjects 3090.08 36 85 .84
Table 3»11 A n a ly s is  o f  th e  t o t a l  f i x a t i o n  to  th e  female and 
baby s t im u l i  d u r in g  th e  s i l e n t  t r i a l s ,  age (A) x t r i a l  s e t  
(TS) x face  (F ) .
Source S .S . D.F. M.S. F P
B e tw een -su b jec t
Age(A) 1033-38 3 344.46 5.61 <0.005
S u b je c ts 2209.18 36 61.37
W i th in - s u b je c t
S tim ulus  P a ir (S P ) 24.33 2 12.16 1.93
AxSP 126.44 6 21.07 3.34 <0.01
SPxSubjects 454.29 72 6.31
T r i a l  Set(TS) 75 .49 1 75.49 5.54 <0.025
AxTS 8.32 3 2.77
TSxSubjects 490.91 56 13.64
Voices(V) 73.15 3 73.15 8 .37 <0.01
AxV 165.64 3 55.21 6.32 <0.005
V xSubjects 314.65 36 8 .74
IsOmOrphism(l) 30 .18 1 30 .18
Axl 304.11 3 101.37 2.55
Ix S u b je c ts 1430.45 36 39.73
SPxTS 28.92 2 14.46 2.54
AxSPxTS 79.00 6 13.17 2.31 <0.05
SPxTSxSubjects 410.56 72 5 .70
SPxV 7 .8 4 2 3 .92
AxSPxV 93.41 6 15.57 2 .82 <0.025
SPxVxSubjects 398.07 72 5 .53
SPxI 208.76 2 104.38
AxSPxI 116.84 6 19.47
SPxIxSub jec ts 5792.47 72 80.45
TSxV .0 .2 0 1 0 .2 0
AxTSxV 2.85 3 0.95
TSxVxSubjects 185.70 36 5.16
TSxI 101.79 1 101.79 3 .2 8
AxTSxI 106.47 3 35.49
T SxIxSubjec ts 1116.10 36 31.00
Vxl 6 .53 1 6.53
AxVxI 275.10 3 91.70
Y xIxSubjects 3387.29 36 94.09
Table 5 .12  A n a ly s is  o f  the  t o t a l  f i x a t i o n  to  th e  a p p r o p r ia t e  
and in a p p r o p r i a t e  fa c e  s t im u l i  under  each  vo iced  c o n d i t io n ,  
( co n t in u ed  o v e r l e a f ) .
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Source S .S . D.F. M.S.
SPxTSxV 19.62 2 9.81
AxSPxTSxV 10.27 6 1.71
SPxTSxVxSubjects 491.75 72 6.83
SPxTSxI 177.36 2 88. 68
AxSPxTSxI 545.03 6 90.84
SPxTSxIxSubjects 12708.89 72 176.51
SPxVxI 75.75 2 37.88
AxSPxVxI 229.19 6 38.20
SPxVxIxSubjects 3641.49 72 50.58
TSxVxI 3.55 1 . 3 .55
AxTSxVxI 156.69 3 52.23
TSxVxIxSubjects 1884.60 36 52.35
SPxTSxVxI 41.38 2 20.69
AxSPxTSxVxI 461.05 6 76 .84
SPxTSxVxIxSub j e c t s 6201.69 72 86.13
Table 3»12 A n a ly s is  o f  th e  t o t a l  f i x a t i o n  to  th e  a p p r o p r ia te  
and in a p p r o p r i a t e  fa c e  s t im u l i  under  each vo iced  c o n d i t io n .
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Source S .S .  D.F. M.S. F P
B etw een-subject
Age(A) 
S u b je c ts
653-68
854.52
W i th in - s u b je c t
T r i a l  Set(TS) 
AxTS
TSxSubjects
3 .59
50.14
366.67
Vo ic e s (V )  
AxV
V xSubjects
7 .05
16.48
288.12
F aces(F )
AxF
F xS ub jec ts
17.15
97.88
3124.79
TSxV
AxTSxV
TSxVxSubjects
8 .35
3 .40
230.19
TSxF
AxTSxF
TSxFxSubjects
4 .12
379.19
4054.62
VxF
AxVxF
VxFxSubjects
2 .29
222.80
1665.83
TSxVxF 
AxTSxVxF 
TSxVxFxSubjects
253.65
285.24
2249-08
3 217.89 9 .1 8  <0.
36 23.74
1 3 .59
3 16.71
36 10.19
1 7 .05
3 5 .49
36 8.00
1 17.15
3 32.63
36 86 .79
1 8 .35
3 1.13
36 6 .39
1 4 . 1 2
3 126.39
36 112.63
1 2 .29
3 74.27
36 46.27
1 253.65 4 .06
3 95.08
36 62.47
Table 3»13 A n a ly s is  Of th e  t o t a l  f i x a t i o n  to  th e  male and 
fem ale f a c e s  d u r in g  th e  v o ice  t r i a l s ,  age (A) x t r i a l  s e t  
(TS) x v o ic e s  (V) x fa c e s  (F ) .
Source S .S .  D.F. M.S. F P
Betw een-subject
Age(A) 245.44 3 81.81
S u b je c ts 1026.68 56 28. 52
W i th in - s u b je c t
T r i a l  Set(TS) 15.25 1 15.25
AxTS 10.25 3 3.41
TSxSubjects 298.53 36 8 .2 9
Voices(V) 35.51 1 35.51
AxV 163.39 3 54.46
V xSubjects 199.29 36 5.54
Faces(F ) 34.19 1 34.19
AxF 302.94 3 100.98
FxS ub jec ts 1852.94 36 51.47
TSxV 0.14 1 0 .1 4
AxTSxV 7.87 3 2.62
TSxVxSubjects 256.06 36 7.11
TSxF 14.88 1 14.88
AxTSxF 46.47 3 15.49
TSxFxSubjects 2968.05 36 82.45
VxF 37.40 1 37 .40
AxVxF 156.17 3 52.06
YxFxSubjects 5190.65 36 88.65
TSxVxF 18 . 14 1 18.14
AxTSxVxF 217.29 3 72.43
TS xVxFxSub j e c t s 5441.11 36 151.14
2.87  <0.05
6.41 <0.025
9.84  <0.001
Table 3»14 A n a ly s is  Of th e  t o t a l  f i x a t i o n  to  th e  male and 
baby f a c e s  d u r in g  th e  v o ic e  t r i a l s ,  age (A) x  t r i a l  s e t  
(TS) x v o ic e s  (V) x fa c e s  (F ) .
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Source S .S .  D.F. M.S. F P
Betw een-subject
Age(A) 260.69 3 86.89
S u b je c ts 782.27 36 21.73
W i th in - s u b je c t
T r i a l  Set(TS) 85.59 1 85.59
AxTS 26.96 3 8.99
TSxSubjects 236.27 36 . 6 .56
Vo ic e s (V ) 38.43 1 38.43
AxV 79.18 3 26.39
V xSubjects 225.32 36 6.26
Faces(F ) 30 .94 1 30 .94
AxF 103.47 3 34.49
F xS ub jec ts 2051.06 36 56.97
TSxV 11.14 1 11.14
AxTSxV 1.85 3 0.62
TSxVxSubjects 191.17 36 5.31
TSxF 25.94 1 25.94
AxTSxF 192.08 3 64.03
TSxFxSubjects 1063.62 36 29.54
VxF 199.24 1 199.24
AxVxF 41.98 3 13.99
VxFxSubjects 2366.46 36 65.74
TSxVxF 7.35 . 1 7.35
AxTSxVxF 148.97 3 49.66
TSxVxFxSubjects 6134.80 36 170.41
3-99 <0.01
Table 3 .15  A n a ly s is  o f  th e  t o t a l  f i x a t i o n  to  th e  fem ale and 
baby f a c e s  d u r in g  th e  vo ice  t r i a l s ,  age (A) x  t r i a l  s e t  (TS) 
x v o ic e s  (V) x f a c e s  ( f ) .
Source S .S . D.F. M.S. F P
Between- s u b j e c t
<0.001Age(A) 800.10 5 266.70 7 .98
S u b je c ts 1202.47 56 55.40
W i th in - s u b je c t
T r i a l  Set(TS) 82.67 1 82.67
AxTS 10.06 5 5.55
TSxSubjects 442.57 56 12.29
Vo ic e s (V ) 7 .86 2 5 .95
AxV 58.51 6 6.42
V xSubjects 614.45 72 8.55
Faces(F ) 255.20 1 255.20 4 .5
AxF 121.19 5 40 .40
F xS ub jec ts 1880.00 56 52.22
TSxV 100.05 2 50.05 6.55
AxTSxV 109.55 6 18.26
TSxVxSubjects 568.62 72 7 .9 0
TSxF 107.16 1 107.16
AxTSxF 226.05 5 75.54
TSxFxSubjects 2101 .51 56 58.57
VxF 212.95 2 106.48
AxVxF 591.57 6 98.60
VxFxSubjects 4851.05 72 67.10
TSxVxF 577.42 2 188.71 2.55
AxTSxVxF 592.18 6 98.70
TSxVxFxSubjects 5785.12 72 80.52
Table 5 .16  A nalysi s o f  th e t o t a l f i x a t i o n  to th e  male
<0.05
<0.005
female f a c e s  d u r in g  th e  v o ice  t r i a l s ,  age (A) x  t r i a l  s e t  
(TS) x v o ic e s  (V) x fa c e s  (F ) .  For a l l  th r e e  v o ic e  cond itions^
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Source S .S . D.F. M.S. F
B e tw een -su b jec t
Age(A) 359.40 3 113.13 4 .00
S u b je c ts 1017.60 56 28.27
W i th in - s u b je c t
T r i a l  Set(T S) 91 .44 1 91.44 16.51
AxTS 35.42 3 11.81 2.11
TSxSubjects 201.85 36 5.61
Vo ic e s (V ) 84.65 2 42.53 5.69
AxV 198.92 6 33.15 4.45
V xSubjects 555.93 72 7 .44
Faces(F ) 7 .4 8 1 7 .48
AxF 200.91 3 66.97
F xS ub jec ts 2736.48 36 76.01
TSxV 45.90 2 22.95 2.59
AxTSxV 22.08 6 5 .68
TSxVxSubjects 659.07 72 8 .87
TSxF 15.75 1 15.75
AxTSxF 155-81 3 51.27
TSxFxSubjects 5021.50 36 85 .95
VxF 255.24 2 116.62
AxVxF 546.05 6 91.01
VxFxSubjects 4885.41 72 67.85
TSxVxF 19.29 2 9.65
AxTSxVxF 857.24 6 139.54
TSxVxFxSub j e c t s 7822.76 72 108.65
Table 5*17 A n a ly s is  o f  th e t o t a l f i x a t i o n  to th e  male
<0.025
<0.001
<0.01
<0.001
baby f a c e s  d u r in g  th e  v o ice  t r i a l s ,  age (A) x t r i a l  s e t  (TS) 
x v o ic e s  (V) x f a c e s  (F ) .  For a l l  th r e e  v o ic e  c o n d i t io n s .
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Source S .S . D.F. M.S. F P
B e tw een -su b jec t
Age(A) 325.25 5 108.42 3.92 <0.025
S u b je c ts 996.61 36 2 7 .6 8
W ith in - s u b je c t
T r i a l  Set(TS) 2 6 4 .7 8 1 2 6 4 .7 8 37.76 <0.001
AxTS 21.97 5 7 .32
TSxSubjects 252.44 36 7.01'
Vo ic e s (V ) 39.15 2 3 .93 2.13
AxV 117.16 6 1 9. 53 2.13
V xSubjects 660 .58 72 9.17
F aces(F ) 68 .18 1 68 .18
AxF 71.05 3 2 3 .6 8
F x S u b jec ts 2557.28 56 71 .04
TSxV 59.96 2 29.98 4 .52 <0.025
AxTSxV 24.48 6 4 .08
TSxVxSubjects 477.29 72 6 .63
TSxF 0 .78 1 0 .7 8
AxTSxF 15.38 5 5.13
TSxFxSubjects 1615.01 36 44.86
VxF 203.41 2 101.71 2 .10
AxVxF 100.77 6 16.80
VxFxSubjects 3489.29 72 48.46
TSxVxF 64.73 2 32.37
AxTSxVxF 529.69 6 88 .28
TSxVxFxSubjects 8680.69 72 120.57
Table 3*18 A nalysi s o f  the t o t a l f i x a t i o n  to th e  female and
baby fa c e s  d u r in g  th e  v o ic e  t r i a l s ,  age (A) x t r i a l  s e t  (TS) 
x v o ic e s  (V) x fa c e s  (F ) .  For a l l  th r e e  v o ic e  c o n d i t io n s .
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Source S .S . D.F. M.S.
S u b je c ts 67 • 66 4 16.91
W i th in - s u b je c t
T r i a l  Set(TS) 96.27 1 96.27
TSxSubjects 25.18 4 6 .29
Sound(S) 14.99 2 7.49
SxS ub jec ts 53.73 8 6 .72
P a re n t (P ) 9 .76 1 9.76
P xS ub jec ts 356.81 4 89 .20
TSxS 12.32 2 6 .16
TSxSxSubjects 96.31 8 12.04
TSxP 31.10 1 31.10
TSxPxSubjects 59.68 4 14.92
SxP 3.59 2 1.79
SxPxSubjects 142.22 8 17.78
TSxSxP 19.09 2 9.54
TSxSxPxSubjects 510.03 8 63.75
Table 3*19 A n a ly s is Of th e t o t a l f i x a t i o n  to
15.29 <0.025
d u r in g  th e  th r e e  a u d i to ry  c o n d i t io n s ,  t r i a l  s e t  (TS) x  
sound c o n d i t io n  (S) x p a re n t  (P ) ,  f o r  bo th  h a lv e s  Of 
experim ent 5b. N=5.
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Source S .S . D.F. M.S.
S u b je c ts 212.43 6 35.41
W i th in - s u b je c t
Sound(S) 84 .34 2 42.17
SxSub jec ts 84 .79 12 7 .07
P a re n t (P ) 0 .92 1 0 .92
P xS ub jec ts 241.61 6 40.27
SxP 35 .18 2 17.59
SxPxSubjects 563.03 12 46 .92
Table 3*20 A n a ly s is Of the t o t a l f i x a t i o n  to
5.97 <0.025
d u r in g  th e  th r e e  a u d i to r y  c o n d i t io n s ,  sound c o n d i t io n  (S) 
x p a re n t  (P ) ,  f o r  bo th  h a lv e s  o f  experim ent 3b. N=7.
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S i le n t  Condition Voice Condition
No l i p Lip No l i p Lip
Age movements movements movements movemeni
3 months 48.39 54.12 51.76 54.07
6 months 34.08 39.66 43.07 49.17
9 months 30.98 36.37 37.99 42.40
12 months 29.49 32 .08 38.21 . 43*96
Table 4.1 Mean t o t a l  f i x a t i o n  tim es summed over  bo th  t r i a l s  
f o r  each s t im u lu s  c o n d i t io n .  N=12.
S i l e n t  C ond it ion  Voice C ond it ion
No l i p Lip No l i p Lip
Age movements movements movements movemeni
3 months 25.13 31.79 29 .28 32.96
6 months 11 .01 13.29 14.32 24.78
9 months 9.91 11.28 9.91 14-70
12 months 9.63 10.33 16.93 24.09
Table 4 .2  Mean f i r s t  f i x a t i o n  tim es summed over bo th  t r i a l s  
f o r  each  s t im u lu s  c o n d i t io n .  N=12.
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S i l e n t  C ond it ion Voice C ond it ion
No l i p Lip No l i p Lip
Age movements movements movements movemeni
3 months 7 .08 6.67 6.25 4 .84
6 months 10.67 10.33 10.34 7 .83
9 months 9 .92 9.25 11.66 10.17
12 months 9 .83 8.33 8 .42 7.25
Table 4 .3  Mean number o f  f i x a t i o n s  summed over bo th  t r i a l s  
f o r  each  s t im u lu s  c o n d i t io n .  N=12.
Source ' . S .S .  D.F. M.S. F P
B e tw een -su b jec t
Age(A) 9321.05 3 3107.02
Sequence(S) 407.17 1 407.17
AxS 49.03 3 16.34
S u b je c ts 13997.50 40 349.94
W i th in - s u b je c t
Vo ice (V ) 1492.99 1 1492.99
AxV 615.97 3 205.32
SxV 190.40 1 190.40
AxSxV 265.07 3 88 .3 6
V xSubjects 4159.17 40 103.97
Lip Movements(LP) 1051.38 1 1031.38
AxLP 74.40 3 24 .80
SxLP 18.00 1 18.00
AxSxLP 399.79 3 133.26
LPxSubjects 3467.35 40 86 .68
VxLP 170.63 1 170.63
AxVxLP 217.29 3 72.43
SxVxLP 27.91 1 27.91
AxSxVxLP 106.27 3 35.42
VxLPxSubjects 1858.92 40 46.47
8 .8 8  <0.001
14.36 <0.001
11.89 <0.005
Table 4«4 A n a ly s is  o f  th e  f i r s t  f i x a t i o n s  to  each  s t im u lu s  
c o n d i t io n  f o r  b o th  s e t s  o f  t r i a l s ,  age (A) x  t r i a l  sequence (S) 
x v o ic e  (V) x l i p  movements (LP).
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Source S .S . . D.F. M.S. F P
B etw ee n -su b jec t
Age(A) 7859.15 3 2619.72 15.23 <0.001
Sequence(S) 784.89 1 784.89 4-56 <0 .0 5
AxS 179.24 3 59.75
S u b je c ts 6880.36 40 172.00
W i th in - s u b je c t
Voice(V) 2306.03 1 2306.03 24.99 <0.001
AxV 535.54 5 178.51
SxV 218.88 1 218.88
AxSxV 228.52 5 76.17
VxSubjects 3690.76 40 92.27
Lip Movements(LP) 1075.41 1 1075.41 47.39 <0.001
AxLP 25.11 3 8.37
SxLP 45.63 1 45.63
AxSxLP 154.82 3 51.61
LPxSubjects 907 .'64 40 22.69
VxLP 0.44 1 0 .44
AxVxLP 68.01 3 22.67
SxVxLP 12.40 1 12.40
AxSxVxLP 155.56 3 51.19
VxLPxSubjects 1298.78 40 32.47
Table 4 .5  A n a ly s is  o f  the  t o t a l  f i x a t i o n s  to  each  s t im u lu s  
c o n d i t io n  f o r  bo th  s e t s  o f  t r i a l s ,  age (A) x t r i a l  sequence (S) 
x v o ic e  (V) x l i p  movements (LP).
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Source S .S . D.F. M.S. F P
B e tw een -su b jec t
Age(A) 473.23 3 157.74 6 .94  <0.001
Sequence(S) 1.02 1 1.02
AxS 12.06 3 4 .02
S u b je c ts 908.67 40 22.72
W i th in - s u b je c t
Voice(V) 21.33 1 21.33 4.62 <0.05
AxV 64.17 3 21.39 4 .63 <0.01
SxV 5.33 1 5.33
AxSxV 20 .50 3 6 .83
YxSubjects 184.67 40 4 .62
Lip Movements(LP) 67.69 1 67.69 12.59 <0.005
AxLP 1.89 3 0 .63
SxLP 3 .5 2 1 3 .52
AxSxLP 80.89 3 26.96 5.02 <0.005
LPxSubjects 215.00 40 5 .38
VxLP 10.08 1 10.08
AxVxLP 9.42 3 3 .14
SxVxLP 4 .08 1 4 .0 8
AxSxVxLP 7.75 3 2 .58
VxLPxSubjects 110.67 40 2.77
Table 4 .6  A n a ly s is  Of th e  number Of f i x a t i o n s  t o  each 
s t im u lu s  c o n d i t io n  f o r  bo th  s e t s  o f  t r i a l s ,  age (A) x t r i a l  
sequence (S) x vo ice  (V) x l i p  movements (LP).
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Condition Sequence Modality Left Right
1 V isu a l /ill / a /
A udito ry /ix/ / a /
4 .24 16.73
C o n tro l
2 V isu a l / a / /hi
A udito ry / a / IUI
8 .04 14.45
3 V isu a l HV / a /
A udito ry / i : / / a /  de layed
9.16 5.09
4 V isu a l Ini / a /
A udito ry fil/ delayed  / a /
8 .64 16.64
Delayed
5 V isu a l / a / /XI/
A ud ito ry / a /  delayed  111/
3 .98 26.31
6 V isu a l / a / / i y
A ud ito ry / a / / i y  de layed
14.10 3-91
7 V isu a l / a / lit/
A udito ry I t/ lit!
5.53 4.91
8 V isu a l / a / a n
A udito ry / a / / a /
3 .85 17.22
Mismatch
9 V isu a l / i : / / a /
A ud ito ry / i : / M
6.15 16.06
10 V isu a l /zV / a /
A udito ry / a / 7a/
11.09 6.99
Table 5.1 Mean f i r s t  f ix a t i o n s  to  each video  d isp la y  fo r
p resen ta t io n  sequence -  Experiment 5.
Condition Sequence Modality Left Right
1 V is u a l fill / a /
A ud ito ry fix/ / a /
31.91 58.34
C o n tro l  .
2 V isu a l / a / Ihl
A udito ry / a / fill
20.63 88.31
3 V isu a l ill/ / a /
A ud ito ry fix/ / a /  de layed
35.01 50.97
4 V isu a l fix! / a /
A ud ito ry fix/ d elayed  / a /
37.37 66.58
Delayed
5 V isu a l / a / fix/
A udito ry / a /  de layed  fix/
52.59 54.44
6 V isu a l / a / fill
A udito ry / a / fix/ de layed
60.38 41.82
7 V is u a l / a / fill
A udito ry 121/ fill
31 .46 61.76
8 V isu a l / a / /i'll
Audi to r y / a / / a /
28.44 80.63
Mismatch
9 V isu a l /iif / a /
A ud ito ry fiM fill
10.92 91.53
10 V isu a l fill / a /
A ud ito ry / a / / a /
47 .19 48.21
Table 5 .2  Mean t o t a l  f ix a t io n s  to  each video  d isp la y  fo r
p resen ta t io n  sequence -  Experiment 5»
each
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Condition Sequence Modality Left Right
1 V is u a l fry / a /
A ud ito ry fry / a /
7 .25 10.25
C o n tro l
2 V isu a l / a / /iJ/
A udito ry / a / a y
7 .50 9 .50
3 V isu a l m / a /
A ud ito ry an / a /  de layed
10.25 8 .50
4 V isu a l fry / a /
A ud ito ry fry delayed  / a /
8 .75 12.00
Delayed.
5 V isu a l / a / / ! ; /
A ud ito ry / a /  delayed  frl/
5.00 7 .00
6 V isu a l / a / fry
A udito ry / a / fry delayed
11 .25 11.50
7 V isu a l ■/a/7 /HZ
A udito ry /i:/ a y
8 .5 0 12.75
8 V isu a l / a / fry
A udito ry / a / / a /
5 .00 7.25
Mismatch
9 V isu a l fry / a /
A udito ry fry /i:/
2.75 7 .00
10 V isu a l /iv / a /
A udito ry / a / / a /
10.50 10.75
Table 5 .5  Mean number o f  f ix a t io n s  to  each video  d isp la y  fo r  each
p resen ta t io n  sequence -  Experiment 5*
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Condition Sequence Modality Left Right
1 V isu a l Ml / a /
A udito ry Ml / a /
34.69 65.31
C o n tro l
2 V isu a l / a / MJ
A udito ry / a / li:/
20.41 79.59
5 V isu a l Ik! / a /
A ud ito ry Ml / a /  de layed
41.96 58.04
4 V isu a l UlI / a /
A ud ito ry M/ delayed  / a /
35.78 64.22
Delayed
5 V isu a l / a / Ml
A udito ry / a /  de layed  MJ
50.02 49.98
6 V isu a l / a / Ihl
A udito ry / a / /ill de layed
59.05 40.95
7 V isu a l / a / Ml
A udito ry IrJ Ml
33.91 66 .09
8 V isu a l / a / / i : /
A ud ito ry / a / / a /
26.56 73.44
Mismatch
9 V isu a l Ml / a /
A udito ry Ihl ■A*/
12.01 87-99
10 V isu a l Ml / a /
A udito ry / a / / a /
5 0 .6 6 49.34
Table 5«4 Mean percentage o f  f ix a t i o n  to  each v ideo d isp la y  fo r  each
p resen ta tio n  sequence -  Experiment 5»
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Source S .S . D.F. M.S.
B e tw ee n -su b jec t
C o n d it io n (c ) 64 .18 1 64.18
Normal Vowel(NV) 6 .9 0 1 6 .90
CxNV 14.97 1 14.97
S u b je c ts 4799-25 28 171.40
Wi t h i n - s u b j e c t
S tim u lus(S ) 68.70 1 68.70
CxS 1317.59 1 1317.59
NVxS 57.25 1 57.25
CxNVxS 0 .40 1 0 .40
S xS ub jec ts 5771.98 28 206.14
Table 5»5 A n a ly s is  o f  th e  f i r s t  f i x a t i o n  to  each v ideo  d i s p la y  f o r  
the  Delayed and Mismatched c o n d i t io n s  -  Experiment 5*
Source S .S . D.F. M.S.
B e tw een -su b jec t
C ondition(C ) 0 .24 1 0 .24
Normal Vowel(NV) 120.26 1 120.26
CxNV 4.64 1 4 .64
S u b je c ts 2602.52 28 92.95
W i th in - s u b je c t
S tim u lus(S ) 1149.63 1 1149.63
CxS 4567.23 1 4567.23
NVxS 931.39 1 931.39
CxNVxS 983.21 1 983.21
SxSub jec ts 37012.85 28 1321.89
Table 5*6 A nalysis  o f  the t o t a l  f ix a t i o n  to each v ideo  d isp la y  fo r
the Delayed and Mismatched co n d it io n s  -  Experiment 5*
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Source S .S . D.F. M.S.
Betw een-subjec t
C o n d it io n (c ) 45.56 1 45.56
Normal Vowel(NV) 33 • 06 1 33.06
CxNV 10.56 1 10.56
S u b je c ts 1199.25 28 42.83
W i th in - s u b je c t
S t im u lu s (s ) 0 .25 1 0.25
CxS 6.25 1 6.25
NVxS 0.25 1 0 .25
CxNVxS 6.25 1 6.25
SxSub jec ts 266.00 28 9 .50
Table 5»7 A n a ly s is  o f  th e  number o f  f i x a t i o n s  to  each v id eo  d i s p la y  
f o r  th e  Delayed and Mismatched c o n d i t io n s  -  Experiment 5*
Source S .S .  D.F. M.S. F P
B e tw een -sub jec t
C o n d it io n (c )
Normal Vowel(NV)
CxNV
S u b je c ts
Table 5 .8  A n a ly s is  o f  th e  p e rc e n ta g e  o f  f i x a t i o n  to  th e  normal 
f a c e /v o ic e  com bination  f o r  th e  Delayed and Mismatched c o n d i t io n s  
Experiment 5*
1873.33 1 1873.33 3.21
424.13 1 424.13
562.47 1 562.47
16333.59 28 583.34
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Source S .S .  D.F. M.S. F P
Betw een-subject
C o n d i t io n (c )  252.41 2
P o s i t i o n (P )  89.75 1
CxP 238.23 2
S u b je c ts  3394.22 18
Table 5 .9  A n a ly s is  o f  th e  f i r s t  f i x a t i o n s  to  th e  / e /  vowel f o r  a l l  
th r e e  c o n d i t io n s  -  Experiment 5.
M.S. F P
137.86
275.20 3 .43
49.93
S u b je c ts  1444.84 18 80 .27
Table 5 .10  A n a ly s is  o f  th e  f i r s t  f i x a t i o n s  to  th e  / a /  vowel f o r  a l l  
th r e e  c o n d i t io n s  -  Experiment 5.
Source S .S .  D.F,
Betw een-subjec  t
C o n d it io n (c )  275-73 2
P o s i t i o n ( p )  275.20 1
CxP 99.85 2
126.21
89.75
119.11
188.57
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Source S .S .  D.F. M.S. F P
B etw ee n -su b jec t
C ondit ion(C ) 2726.44 2 1363.22 3-07
P o s i t i o n ( P )  5906.66 1 5906.66 13.29 <0.01
CxP 2709.42 2 1354.71 3 .05
S u b je c ts  7997.40 18 444.30
Table 5»11 A n a ly s is  o f  th e  t o t a l  f i x a t i o n s  to  the  / e /  vowel f o r  a l l  
th r e e  c o n d i t io n s  -  Experiment 5*
Source S .S . D.F. M.S. F P
B e tw een -su b jec t
C o n d it io n (c )  1946.85 2 973-42
P o s i t i o n a l "  6164.50 1 6164.50 11 .33 <0.01
CxP 3901.26 2 1950.63 3-58
S u b je c ts  9797.53 18 544.31
Table 5»12 A n a ly s is  o f  th e  t o t a l  f i x a t i o n s  to  th e  / a /  vowel f o r  a l l  
t h r e e  c o n d i t io n s  -  Experiment 5.
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Source S .S .  D.F. M.S. F P
B etw een-subjec  t
C ondition(C ) 2500.89 2 1250.45 3-75
P o s i t i o n ( p )  3539.30 1 3539-30 10.56 <0.005
CxP 1584.70 2 792.35
S u b je c ts  6051.39 18 335-08
Table 5-13 A n a ly s is  o f  th e  p e rc e n ta g e  o f  f i x a t i o n  to  th e  / e /  vowel 
f o r  a l l  th r e e  c o n d i t io n s  -  Experiment 5.
Source S .S .  D.F. M.S. F P
B e tw een -su b jec t
C o n d it io n (c )  1333-52 2 666.76
P o s i t i o n ( p T ~ 7633.02 1 7633.02 17-35 <0.001
CxP 2377.84 2 1188.92 2 .70
S u b je c ts  7919.26 18 439-96
Table 5 .14  A n a ly s is  o f  th e  p e rc e n ta g e  o f  f i x a t i o n  to  th e  / a /  vowel 
f o r  a l l  th r e e  c o n d i t io n s  -  Experiment 5.
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